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PREFACE 

TO 

THE    SECOND    EDITION. 


The  call  for  a  second  edition  of  this  work  within  a  twelve- 
month after  the  publication  of  the  first  seems  to  indicate 
that  it  has  done  something  towards  filling  the  place  which  it 
was  hoped  it  might  occupy.  Advantage  has  been  taken  of  the 
reprint  to  correct  a  few  inaccuracies  in  the  first  edition,  and 
to  transfer  a  few  emendations  from  the  fifth  German  edition. 
During  the  past  year  more  progress  has  been  made  in  the 
minute  examination  of  Cryptogams,  and  in  their  re-classi- 
fication, than  in  any  other  department  of  Botany.  Van 
Tieghem  maintains  that  the  rod-like  bodies  of  the  Pyreno- 
mycetes,  termed  by  De  Bary  PoUinodia,  have  not,  in  reality, 
any  male  fimction,  but  are  mere  strings  of  conidia,  Comu 
has  also  thrown  doubt  on  the  supposed  fertilising  power  of 
the  Spermatia  of  certain  Ascomycetes,  which  he  has  induced 
to  germinate  directly  under  favourable  conditions.  Brefeld 
has  obtained  within  the  *  sclerotia '  of  Penicillium  the  true 
organs  of  reproduction,  carpogonia  and  antheridia,  which 
determine  it  to  belong  to  the  Ascomycetes,  being  a  de- 
graded form  near  the  Tuberacese. 
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In  the  fourth  edition  of  Sachs's  *  Lehrbuch  der  Botanik ' 
an  entirely  new  classification  of  the  whole  of  the  Crypto- 
gams is  adopted.  Although  this  has  not  yet  appeared  in  any 
systematic  English  work,  it  rests  on  such  a  sound  scientific 
foundation  that  it  must  ultimately  come  into  general  use 
in  its  main  features  ;  a  brief  epitome  of  it  is  therefore  here 
presented  to  the  English  reader. 

The  whole  range  of  Cryptogams  is  divided  into  three 
groups  :  Thallophytes  ;  MusciNEiE ;  and  Vascular 
Cryptogams. 

I.  In  the  classification  of  Thallophytes,  the  old  divi- 
sion into  Algae  and  Fungi  is  disregarded  as  a  primary 
distinction,  and  they  are  arranged  under  four  classes,  de- 
pendent on  the  nature  of  the  reproductive  organs,  each 
class  consisting  of  two  parallel  series,  the  first  containing 
chlorophyll  (Algae),  the  second  not  (Fungi). 

1.  Protophyta.  No  sexual  mode  of  reproduction 
known,  propagation  by  fission  only.  This  class  includes, 
in  the  first  series,  CyanophycecB^  characterised  by  a  blue- 
green  colouring  matter,  and  comprising  Chroococcaceae, 
Nostocaceae  (p.  255),  Oscillatorieae,  Rivularieae,  and  Scyto- 
nemeae ;  and  Falmellacece  (in  part) ;  in  the  second  series, 
Schizomycetes  (Bacteria,  p.  259) ;  and  Saccharomyces 
(Torula,  p.  277). 

2.  ZYGOSPOREiE.  Reproduction  by  the  union  of  two  ap- 
parently similar  cells.  These  are  classed  under  two  divisions, 
according  as  the  conjugating  cells  are  motile  or  stationary. 
Zygosporeae  with  motile  conjugating  cells  of  the  first  series 
are  the  Volvocinece  (p.  256),  and  Hydrodictyece  (p.  256) ;  of 
the  second  series  the  Myxomycetes  (p.  283) ;  with  sta- 
tionary conjugating  cells,  of  the  first  series  the  Conjugaice 
(p.  256),  including  the  Mesocarpeae,  Zygnemeae,  Desmidieac 
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(p.  256),  and  Diatomaceae  (p.  256) ;  to  the  second  series 
the  Zygomycete:^  including  the  Mucorini  (p.  281)  and  the 
Piptocephalidse. 

3.  OospOREiE.  Reproduction  by  oospores  resulting  from 
the  fertilisation  of  a  comparatively  large  oosphere  by  minute 
antherozoids.  To  the  first  series  belong  Sphceroplea ;  the 
Siphonece  (p.  257);  (Edogoniece  (p.  259);  and  Fucacece 
(p.  257) ;  to  the  second  series  the  Saprolegniece  (p.  281); 
and  FeronosporecB  (p.  281). 

4.  CARPOSPOREiE.  The  result  of  the  fertilisation  of  the 
female  organ  {carpogonium)  by  the  antherozoids  is  not  the 
immediate  production  of  an  oospore,  but  the  formation  of  a 
fruit-like  body,  the  sporocarp^  in  which  a  number  of  cells 
besides  the  true  reproductive  cells  take  part,  and  in  which 
are  produced  the  carpo spores^  which  ultimately  germinate. 
To  the  first  series  belong  the  Coleochcetece ;  Floridea. 
(p.  259);  and  CharacecB  (p.  291)  ;  to  the  second  series  (true  . 
Fungi)  the  Ascomycetes  (p.  282),  including  Gymnoascus, 
the  Discomycetes  (p.  283),  Erysiphese,  Tuberacese  (p.  282), 
Pyrenomycetes  (p.  282),  and  Lichenes  (p.  285) ;  the  ^cidio- 
mycetes  (Uredinese,  p.  281);  and  the  Basidiomycetes  (p.  282), 
including  Exobasidium,  the  Tremellini  (p.  282),  Hymeno- 
mycetes  (p.  282),  and  Gasteromycetes  (p.  282). 

II.  The  MuscinesB  retain  their  old  subdivision  into  the 
two  classes  :  i.  HEPATiCiE  (p.  296),  and  2.  Musci  (p.  301). 

III.  Vascular  Cryptogams.  The  primary  distinction 
between  the  Isosporous  and  Heterosporous  forms  is  aban- 
doned, and  the  group  divided  into  three  classes. 

1.  Equisetace^  (p.  316). 

2.  FiLiciNEiE.     Isosporous  or  heterosporous  *,  t\\fc  woi^- 
sexual  generation  has  large  leaves,  beaniv^  X\ve  ^-^ox^w^^vcv 
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sori  usually  on  the  under  side  of  the  leaf.  These  comprise 
the  Stipulated  (isosporous,  non-sexual  generation  usually 
unbranched,  leaves  stipulate),  including  Ophioglossacese 
(p.  322),  Marattiaceae  (p.  316),  Osmundacese  (?)  (p.  316), 
and  Schizpeacese  (?)  (p.  316);  the  Filices  (isosporous,  non- 
sexual generation  usually  much  branched,  leaves  not  sti- 
pulate), including  Gleicheniaceae  (?)  (p.  316),  Hymeno- 
phyllacese  (p.  316),  Cyatheacese  (p.  316),  and  Polypodiaceae 
(P-  3^6);  and  the  RhizocarpecB  (heterosporous,  p.  324), 
including  Salviniacese  (p.  327),  and  Marsileacese  (p.  327). 

3.  DiCHOTOMi.  Isosporous  or  heterosporous,  non-sexual 
generation  repeatedly  dichotomising,  with  very  small  leaves, 
sporangia  solitary  and  axillary.  They  comprise  the  isosporous 
Lycopodtacece  (Lycopodieae  of  the  present  work,  p.  332), 
including  the  Lycopodieae,  Psilotese,  and  Phylloglosseae ; 
and  the  heterosporous  LigulatcB,  including  the  Selaginelleae 
(p.  332),  and  Isoetese  (p.  332). 


A.  W.  B. 


6  Park  Village  East  ; 
December  1877. 
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The  original  of  the  present  work  is  the  recognised  Text- 
book of  Botany  in  use  in  the  technical  schools  of  Germany ; 
and  its  success  in  fulfilling  the  object  for  which  it  was 
written  may  be  inferred  from  the  fact  that,  published  for  the 
first  time  in  1869,  it  is  now  in  a  fourth  edition.  An  English 
translation  and  edition  has  been  undertaken — primarily  at 
the  suggestion  of  the  Rev.  Alexander  Irving  of  Wellington 
College — from  the  belief  that  no  work  of  the  same  scope 
is  yet  to  be  found  in  the  English  language,  embracing  the 
whole  range  of  Elementary  Botany,  and  yet  of  a  size  and 
price  to  bring  it  within  the  reach  of  nearly  all  students  of 
Natural  Science. 

One  of  the  great  objects  of  a  study  of  Natural  Science 
being  the  cultivation  of  the  observant  faculties  in  relation  to 
the  phenomena  of  nature,  the  greater  part — and  that  the 
most  useftil — of  the  student's  knowledge  must  always  be 
gained  in  the  field,  or  with  the  dissecting-knife  in  hand. 
Still  he  will  need  to  be  guided  by  the  experience  of  previous 
observers,  and  to  be  acquainted  with  the  recognised  de- 
scriptive terms  used  in  his  science.  It  is  for  these  purposes^ 
and  not  to  replace  the  necessity  for  observavVoii^  olW^i  oww^ 
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that  he  should  use  a  Text-book.  Examiners  in  Natural  Science 
now  almost  universally  attach  great  importance  to  dissecting 
and  microscopical  work,  as  the  best  indication  of  practical 
acquaintance  with  the  subject,  without,  however,  abandon- 
ing the  additional  test  of  requiring  clear  and  correct  answers 
to  written  questions. 

In  editing  the  present  work,  the  object  especially  kept 
in  view  has  been  to  make  it  useful  to  candidates  preparing 
for  the  Science  examinations  conducted  by  the  Educational 
Department  at  South  Kensington,  or  for  those  at  the  Uni- 
versity of  London.  Botany  now  forms  a  portion  of  nine 
different  examinations  at  the  London  University  : — the  Pre- 
liminary Scientific  Examination  required  from  all  medical 
students  (both  the  Pass  examination  and  that  for  Honours) ; 
the  First  Bachelor  of  Science  (Pass  and  Honours) ;  the 
Second  Bachelor  of  Science  (Pass  and  Honours) ;  the 
General  Examination  for  Women  (Honours) ;  the  Doctor  of 
Science  in  Vegetable  Physiology ;  and  the  Doctor  of  Science 
in  Systematic  Botany.  In  the  first  five  of  these  (the  Pre- 
liminary Scientific  Pass  and  Honours ;  the  First  Bachelor 
of  Science  Pass  and  Honours ;  and  the  Second  Bachelor  of 
Science  Pass)  it  is  believed  the  present  work  will  be  found 
a  sufficient  Text-book ;  for  the  Second  Bachelor  of  Science 
Honours,  the  Examination  for  Women  in  Honours,  and  the 
Doctor  of  Science  in  either  branch,  the  student  should  con- 
sult some  more  advanced  treatise,  as  the  English  edition  of 
Sachs's  Text-book  (Clarendon  Press)  for  Anatomy  and 
Physiology,  and  Dr.  Hooker's  edition  of  Le  Maout  and 
Decaisne's  *Traitd  Gdn^ral'  (Longmans)  for  Classification. 
The  examinations  for  the  First  and  Second  Bachelor  of 
Science  have  recently  undergone  complete  revision,  the 
revised  regulations  coming  into  force  for  the  first  time  during 
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the  present  year.  At  the  First  Bachelor  of  Science  Pass, 
special  attention  is  directed  to  certain  types  of  vegetable 
life  named  in  the  syllabus.  The  sum  of  our  present  know- 
ledge respecting  these  types  will  be  found  stated  in  the  fol- 
lowing pages,  either  in  the  text  or  in  editorial  notes  *  but  the 
editor  desires  to  impress  upon  his  readers  the  necessity  of 
their  making  themselves  practically  acquainted  with  these 
forms  of  life,  and  comparing  their  observations  with  the  de- 
scription, before  presenting  themselves  for  examination.  At 
the  Second  Bachelor  of  Science  Pass,  the  examination  in 
Botany,  which  is  optional,  requires,  in  addition  to  a  general 
acquaintance  with  the  principles  of  Morphology  and  Phy- 
siology, a  knowledge  of  the  structure  and  development  of 
certain  groups  of  Phanerogams  and  Cryptogams,  an  accoimt 
of  which  will  also  be  found  here. 

In  the  chapters  on  Anatomy  and  Physiology,  the  original 
work  has  been  very  closely  followed  ;  only  a  few  alterations 
being  made,  to  render  it  in  harmony  with  the  recognised  use 
of  terms  in  this  country.  Any  additions  to  our  knowledge 
acquired  since  the  publication  of  the  German  work  are 
referred  to  in  foot-notes.  The  same  remark  applies  to  the 
chapter  on  Special  Morphology  and  Classification,  as  far  as 
Cryptogams  are  concerned.  But  the  section  on  the  Classi- 
fication of  Phanerogams  has  been  entirely  rewritten.  The 
sjrstem  of  classification  adhered  to  in  the  original  work  differs 
in  so  many  points  from  that  in  use  in  this  country,  that  it 
would  be  almost  useless  to  the  English  student.  The  natural 
orders  have  therefore  been  entirely  rearranged,  in  accordance 
with  Bentham  and  Hooker's  system,  and  a  detailed  descrip- 
tion is  given  only  of  the  more  important  ones.  The  minutiae 
of  Classification  were  considered  out  of  place  in  an  el^vcv^wXax^ 
Text-book,  and  would  moreover  sweW  it.  to  ^.TvMxx^K^^'i  ivL^- 
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The  seventh  and  eighth  chapters  have  been  considerably 
compressed;  and  some  portions  have  been  altered.  In 
editing  them  pains  have  been  taken  to  avoid,  as  far  as  pos- 
sible, the  putting  forward  of  geological  or  geographical 
theories  as  demonstrated  truths.  The  young  student  cannot 
be  too  cautious  about  forming  or  adopting  theories,  except 
as  mere  modes" of  classifying  facts,  which  must  be  modified 
as  our  knowledge  of  facts  increases.  Some  general  notion 
of  the  distribution  of  plants  in  space  and  time  is  essential  to 
him ;  but  he  should,  as  far  as  possible,  check  and  correct 
his  theories  by  getting  together  and  collating  a  large  fund  of 
observation.  The  chapter  on  the  Geographical  Distribution 
of  Plants  is  a  brief  epitome  of  Grisebach's  conclusions,  as 
stated  in  his  *  Vegetation  der  Erde,*  of  which  there  is  as  yet 
no  English  translation.  All  editorial  additions  throughout 
the  work  are  distinguished  by  being  placed  between  square 
brackets. 

It  would  be  impossible,  even  were  it  desirable,  to  define, 
in  an  elementary  work  of  this  kind,  every  scientific  term  in 
use  by  every  writer ;  many  of  those  not  mentioned  in  these 
pages  carry  their  own  explanation  with  them.  Some  addi- 
tions have  been  made  by  the  editor  to  those  included  in  the 
original  work ;  and  it  is  believed  that  every  term  necessary 
to  the  young  student  will  be  found  defined  either  in  the  text 
or  in  the  glossarial  index  at  the  end.  Reference  is  made, 
in  this  index,  not  only  to  the  pages  where  an  explanation  of 
each  term  will  be  met  with,  but  also  to  every  figure  in  which 
it  is  illustrated.  In  the  Latin  names  of  British  plants,  the 
one  adopted  in  Hooker's  *  Student* s  Flora '  is  in  all  cases 
used. 

In  conclusion,  the  editor  desires  to  call  the  readers  at- 
tention to  one  or  two  important  memoirs  which  have  been 
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published  since  the  appearance  of  the  original  work,  or  even 
while  the  English  edition  has  been  going  through  the  press. 

In  his  account  of  the  relative  importance  of  the  different 
chemical  elements  to  the  life  of  the  plant  (p.  162),  the 
author  has,  in  the  main,  followed  Sachs.  Professor  Cugini 
has  recently  published  an  elaborate  series  of  researches  on 
the  nutrition  of  cellular  plants,  which  appears  to  throw  addi- 
tional light  on  the  functional  value  of  some  of  the  elements, 
especially  potassium,  the  relation  of  which  to  the  carbo- 
hydrates he  compares  to  that  of  phosphorus  to  the  albu- 
minoids. 

In  the  section  on  Lycopodiaceae  (p.  332)  no  allusion 
is  made  to  the  researches  of  Fankhauser,  who  describes  the 
hitherto  unknown  prothallium  of  Lycopodium  annotinum. 
He  finds  it  furnished  with  antheridia  and  archegonia, 
the  latter  being  fertilised  directly  by  the  antherozoids  pro- 
duced in  the  former.  If  these  observations  are  confirmed, 
the  mode  of  reproduction  will  remove  Lycopodium  altogether 
from  alliance  with  the  heterosporous  Selaginelleae,  and  bring 
it  nearest  to  Ophioglossum. 


A.  W.  B. 


6  Park  Village  East,  Regent's  Park  2 
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STRUCTURAL   AND    PHYSIOLOGICAL 


BOTANY. 


INTRODUCTION, 

The  province  of  Botany,  or  the  Natural  History  of  the 
Vegetable  Kingdom,  is  to  depict  the  plant  from  as  many 
different  points  of  view  as  possible. 

It  is  impossible  to  give  a  brief  and  exact  definition  of  a 
plant,  if  such  a  definition  is-  intended  to  include  all  plants. 
It  is  true  that  from  the  earliest  times  the  numberless  sub- 
stances that  are  found  on  the  earth  have  been  distinguished 
into  living  or  organic  and  lifeless  or  inorganic, — animals  and 
plants  being  included  in  the  former,  minerals  in  the  latter 
class ;  but  it  is  impossible  to  define  accurately  the  bounds 
of  these  three  kingdoms.  Whether  a  body  has  life  or  not 
is  a  point  easily  determined,  since  the  presence  of  life  is 
manifested  by  various  capabilities,  the  most  universally  dis- 
tributed of  which  are  those  for  absorbing  and  assimilating  a 
variety  of  food-materials.  We  know  also  from  experience  that 
the  higher  and  more  perfectly  organised  animals  differ  from 
the  higher  plants  in  possessing  sensibility  and  a  power  of 
voluntary  motion.     But  when  we  descend  ftorcv  ^^-e.  \vv^e^ 
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animals  and  plants  to  the  less  perfect  organisms  belonging 
to  these  two  kingdoms  of  nature,  we  come  eventually,  on  the 
boundaries  of  each,  to  organisms  so  small  and  so  imperfectly 
developed  that  it  is  scarcely  possible  to  pronounce  an 
opinion  whether  they  are  of  animal  or  vegetable  natuje. 
The  most  superficial  glance  over  the  vegetable  world  shows 
us  that  in  both  the  external  form  and  internal  structure  of 
plants — the  number  of  which  has  been  estimated  to  amount 
to  300,000 — there  exists  such  an  endless  diversity  that  we 
must  content  ourselves  with  describing  the  forms  of  most 
common  occurrence,  the  most  important  laws  of  their  internal 
structure,  life,  and  distribution,  and  the  classification  of  the 
best  known  and  most  important  plants. 

Morphology^  or  the  Comparative  Anatomy  of  plants,  em- 
braces an  acquaintance  with  their  most  important  organs, 
and  hence  with  their  external  form.  By  combining  with  this 
the  history  of  development  of  the  separate  organs,  i.e,  the 
mode  in  which  they  are  produced,  we  are  enabled  to  obtain 
a  correct  comprehension  of,  and  to  describe,  the  different 
parts  of  a  plant  By  the  Anatomy  of  plants  we  understand 
a  knowledge  of  their  internal  structure.  The  Physiology  of 
plants  is  concerned  with  their  vital  phenomena  [and  the  dif- 
ferent functions  of  the  various  organs].  Botanical  Geography 
treats  of  the  distribution  of  plants  over  the  surface  of  the 
globe.  PalcRophytology^  or  Vegetable  Palaeontology,  makes  us 
acquainted  with  the  remains  that  still  exist  of  the  vegetation 
of  earlier  geological  epochs.  Classification  has  to  do  with 
the  distribution  of  plants  according  to  their  characters  [or 
relationship  to  one  another].  Practical^  or  Applied  Botany^ 
finally,  explains  the  useful  or  injurious  properties  of  plants. 

In  the  earliest  times  the  knowledge  of  plants  was  limited 
to  those  from  which  food  was  obtained,  and  to  a  few  which 
afforded  poisonous  or  curative  substances,  the  properties  of 
which  had  been  ascertained  by  a  happy  or  unfortunate  acci- 
dent, or  by  the  observation  of  an  animal  impelled  by  instinct 
to  their  use.     The  knowledge  thus  laboriously  gained  must 
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often  have  been  again  lost,  until  at  length  an  acquaintance 
with  medicinal  plants  became  a  speciality  of  the  priests,  and 
the  healing  art  founded  upon  it  a  part  of  religion. 

The  father  of  medicine,  as  he  has  been  termed,  Hippo- 
crates, who  lived  in  the  fifth  century  before  Christ,  extended 
the  observations  that  had  hitherto  been  made  ;  and  we  know 
that  he  enumerated  upwards  of  200  species  which  were  at 
that  time  used  in  medicine.  But  it  was  not  till  the  following 
century  that  a  really  scientific  work  on  botany  appeared, 
written  by  the  celebrated  tutor  of  Alexander  the  Great,  Aris- 
totle. His  work  is  unfortunately  lost  ;  but  his  ideas  have 
come  to  us  in  the  writings  of  his  pupil  Theophrastus,  who 
described  400  or  500  different  plants  in  their  relation  to 
agriculture,  domestic  economy,  and  medicine.  At  his  death 
the  new  structure  fell  to  pieces,  or  at  all  events  we  do  not 
find  that  any  further  progress  was  made  with  it.  This  was 
the  state  of  things  until,  in  the  first  century  after  Christ, 
Dioscorides  wrote  a  treatise  on  medicine,  in  which  over  600 
medicinal  plants  were  described,  though  often  briefly  and  in- 
sufficiently, and  the  elder  PHny  collected  what  was  most 
noteworthy  from  the  writings  of  his  predecessors.  The  posi- 
tion in  which  botany  stood  at  that  time  may  be  understood 
from  the  naive  statement  of  Pliny  that  there  were,  it  is  true, 
more  plants  in  the  hedges,  fields,  and  roadsides  than  those 
he  had  described,  but  they  had  no  names,  and  were  of  no 
use.  The  works  of  Pliny  and  Dioscorides  remained  the  best 
on  the  subject  till  the  sixteenth  century,  and  enjoyed  the 
highest  reputation.  At  that  time  German  investigators 
arose  who  aroused  the  study  of  plants  from  its  long  rest,  and 
earned  therefrom  the  honourable  title  of  the  fathers  of 
botany.  The  first  of  these  was  Otto  Bnmfels  of  Mayence 
(pb,  1534) ;  other  German  scholars  followed  closely  upon 
him.  Bock  {ob,  1554),  Fuchs  (pb,  1566),  and  Gessner  {pb, 
1565) ;  as  well  as  some  belonging  to  other  countries,  Ma- 
thioli  (pb,  1577),  Dodonaeus  (pb.  1585),  Lobelius  (pb,  i6i6\^ 
and  Clusius  i^ob,  1609).  But  no  one  ot  VVves^  \x\^^^  ^t^^ 
•  B  2 
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great  advance  ;  for  none  of  them  went  beyond  a  more  or  less 
careful  description  of  different  plants. 

Caesalpinius  {pb,  1603)  was  the  first  to  devote  himself  to 
a  systematic  classification  of  plants.  He  derived  his  prin- 
ciples mainly  from  the  characters  of  the  fruit  and  from  the 
position  of  the  perianth  in  reference  to  the  pistil ;  but  his 
primary  division  of  the  vegetable  kingdom  was  into  woody 
and  herbaceous  plants.  His  example  was  followed  by  others, 
and  the  science  received  an  ever-increasing  impetus,  directed 
by  such  men  as  Tabemaemontanus  (pb,  1590),  Alpinus  (pb. 
1616),  and  Camerarius  (pb,  1721),  an  impetus  which  was 
greatly  assisted  by  the  great  store  of  botanical  material  de- 
rived from  travels  in  the  East  and  in  Americi.  But  there 
were  no  means  of  comparing  these  fresh  discoveries  with  one 
another,  in  consequence  of  a  want  of  correspondence  in  the 
names  given  to  the  same  plant  by  different  investigators.  The 
brothers  John  and  Caspar  Bauhin  (pb.  16 13  and  1624)  were 
the  first  to  endeavour  to  overcome  this  difficulty.  From 
this  time  the  number  of  botanists  increased  so  greatly  that 
we  can  mention  only  those  who  introduced  new  and  in- 
fluential ideas. 

The  originator  of  the  Latin  botanical  nomenclature  was 
Jung  (ob.  1657),  rector  of  the  gymnasium  at  Hamburgh. 
Soon  afterwards,  in  1700,  Tournefort  (pb,  1708)  propounded 
a  new  system,  and  was  the  first  to  classify  plants  into  strictly 
defined  genera.  A  year  before  his  death,  the  great  reformer 
of  botany,  the  Swede  Carl  von  Linn^  (Linnaeus,  ob,  1778), 
was  born.  It  was  he  who  first  raised  botany  to  the  rank 
which  it  should  have  attained  long  before,  of  an  edifice 
resting  on  a  firm  foundation ;  for  to  him  we  owe  the  first 
system  of  nomenclature  and  description  of  a  truly  scientific 
character.  But  this  was  not  all ;  for  Linnaeus  propounded 
the  celebrated  system  that  bears  his  name,  which  has  indeed 
since  been  replaced  by  others  of  a  much  more  natural 
character,  but  which  is  unequalled  in  practical  value  if  the 
purpose  is  simply  to  name  any  given  plant,  or  to  assign  its 
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position  in  the  system  to  any  newly-discovered  species.  The 
Linnean  system  is  an  artificial  one,  since  it  is  not  founded 
on  a  combination  of  all,  nor  even  of  several,  characters  of  a 
plant,  but  takes  into  account  only  single  characters  as  the 
primary  principle  of  classification.  There  were  therefore 
necessarily  opponents  of  the  system.  The  first  to  propose 
in  its  place  a  natural  system  was  the  French  botanist  A.  L. 
de  Jussieu  (pb,  1836),  who  took  as  his  starting-point  the 
presence  and  the  structure  of  the  embryo.  He  was  shortly 
followed  by  A.  P.  De  CandoUe  {pb,  1841)  and  Endlicher 
(pb,  1849) ;  the  foundation  of  the  primary  classification 
being  with  the  former  anatomical  structure,  with  the  latter 
the  mode  of  growth.  The  efforts  to  construct  better  systems 
are  not  yet  brought  to  a  conclusion  ;  and  we  cannot  yet  see 
their  end.  In  the  meantime  botanists  are  vigorously  at 
work  in  completing  the  botanical  material,  whether  by  the 
compilation  of  *  Floras  '  which  treat  of  the  plants  of  particular 
districts,  or  by  travels  through  districts  hitherto  unknown 
or  not  yet  sufficiently  explored. 

If  we  now  attempt  to  sketch  in  a  few  lines  the  history 
of  the  development  of  the  remaining  departments  of 
botanical  science  ; — it  appears,  as  might  be  expected,  that 
the  study  of  the  anatomy  of  plants  came  into  existence 
shortly  after  the  discovery  of  the  art  of  manufacturing  mag- 
nifying lenses.  The  English  botanist  Grew  (pb.  171 1)  and 
Malpighi  of  Bologna  (pb.  1694)  must  be  considered  as  the 
true  founders  of  this  study.  After  the  ground  had  been 
successfully  broken  by  their  researches,  it  was  almost  en- 
tirely neglected  during  the  eighteenth  century,  and  the  in- 
vestigation has  only  recently  been  again  resumed,  and  this 
branch  of  botany  carried  to  a  truly  remarkable  perfection  by 
our  contemporaries  A.  Braun  (pb.  1877),  Goppert,  Von  Mohl 
(ob.  1872),  Schacht  (pb.  1864),  Schleiden,  linger  (pb.  1870), 
and  many  others. 

While  during  the  eighteenth  century  the  study  of  ^xs2v^ 
tomy  lay  dormant,  especial  interest  was  excvX^dXi^  ^xcJ^^^xvs* 
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of  physiology,  and  a  great  many  pioneers  of  science  occupied 
themselves  with  their  solution ;  among  whom  may  be  es- 
pecially mentioned  Hales  {pb,  1761),  Bonnet  (ob,  1793), 
Duhamel  {pb,  1781),  Priestley  {ob,  1804),  and  Ingenhousz 
(pb,  1799). 

Reference  must  not  be  omitted  to  the  fact  that  the  poet 
Goethe  established  the  science  of  morphology  on  a  firmer 
basis  by  his  writings ;  and  that  it  was  reserved  for  Alexander 
von  Humboldt  (ob,  1859),  at  the  commencement  of  this 
century,  to  put  the  study  of  Botanical  Geography  into  a 
scientific  shape.  Palaeophytology  was  advanced  especially 
by  Brongniart  {pb,  1876),  Unger,  Goppert,  &c.  We  must, 
however,  refrain  from  entering  into  detail  with  regard  to  the 
labours  of  our  own  contemporaries  ;  and  will  only  name  the 
most  eminent  recent  German  botanists  who  have  not  hitherto 
been  mentioned,  viz.,  among  others,  De  Bary,  Caspary, 
Dippel,  Hanstein,  Hartig,  Hildebrand,  Hoffmann,  Hof- 
meister  (pb.  1877),  Karsten,  von  Martius  {pb,  1868),  Milde, 
Nageli,  Pringsheim,  Rabenhorst,  Sachs,  and  Schwendener.^ 

'  [The  dates,  which  do  not  in  all  cases  agree  exactly  with  those 
stated  by  the  author,  are  given  on  the  authority  of  Sachs,  in  his  *  Ge- 
schichte  der  Eotanik.'  As  the  author  has  given  most  prominence  to 
German  botanists,  it  may  be  allowed  to  r.an.e  the  following  in  addition, 
as  worthy  of  mention..  Among  systematists  Ray  {ob,  1705)  holds  an 
important  place ;  and  the  present  comparative  perfection  of  our  system 
of  classification  is  due  largely  to  Lindley  {pb.  1865),  and  Bentham. 
Vegetable  anatomy  owes  much  to  the  observations  and  publications  of 
A.  St.  Hilaire  {pb.  1853),  Robert  Brown  {ob.  1858),  Sir  W.  Hooker 
{ob.  1865),  Payer,  Cohn,  Dr.  J.  D.  Hooker,  Asa  Gray,  and  Berkeley; 
physiology  to  C.  C.  Sprengel  {ob.  181 6),  Boussingault,  and  Darwin. 
-Ed.] 
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If  a  small  quantity  of  the  green  mould  {PenicilHum  glaucum) 
which  commonly  appears  on  articles  of  food  that  have  been 
kept  for  a  few  days,  is  examined 
under  the  microscope,  it  is  found 
to  present  somewhat  the  appear- 
ance of  a  minute  tree  (Fig.  i).  The 
stem  is  simple,  but  bears  at  its 
summit  a  number  of  branches 
resembling  strings  of  beads. 
Each  of  these  strings  easily  breaks 
up  into  its  separate  members ; 
and  each  of  these  members  has 
the  form  of  a  tiny  spherical  blad- 
der with  a  delicate  coat,  enclosing 
contents  of  a  peculiar  compo- 
sition. All  the  branches  and 
the  main  stem  consist  of  similar 
bodies,  differing  only  in  their 
greater  length  ;  and  these  bodies 
are  termed  ceils.  In  the  example  which  we  have  chosen 
the  individual  cells  are  connected  with  one  another 
only  like  beads  on  a  necklace ;  but  a  close  examination 
shows  us  that  all  parts  of  all  plants  are  formed  of  cells, 
or  are  composed  of  stnictures  which  have  themselves 
been  formed  out  of  cells.  Examples  of  this  are  furtv\s\v^^ 
by  the  ripe  but  not  too  succulent  flesh  o?  ^t\i\\.^  sviOsx  ^&  \Jcv^ 


Fig.  I,— Green  mould,  Penicil- 
liuin  glaucum.  (x  about  80 
diam.) 
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apple,  slices  of  leaves  which  are  not  too  delicate,  such  as 
the  cabbage,  etc.  Since  therefore,  at  least  at  a  certain 
period  of  their  existence,  all  plants  consist  of  one  or  more 
cells,  these  are  termed  the  clanentary  organs  of  plants. 
There  is  only  this  one  kind  of  elementary  organ,  which 
may  vary  greatly  in  its  form  and  behaviour,  but  is  always 
the  same  in  its  essential  nature. 

Until  recently  the  essential  constituents  of  the  cell  were 
considered  to  be  a  more  or  less  firm  cell-iuall  (Fig.  2  a\ 

differing  in  its  chemical  compo- 
sition from  the  contents  of  the 
cell,  a  cell-fluid QwcXo^td  by  it,  and 
the  nucleus,  c,  occurring  in  the 
latter.  The  cell-fluid  was  again 
divided  into  two  principal  ele-  • 
ments,  the  watery  cell-sap,  and 
the  mucilaginous  semi-fluid  pro- 
toplasm, b,  in  the  clear  transparent 
hyaline  substance  of  which  are 
imbedded  a  larger  or  smaller 
number  of  granules,  generally 
of  very  small  size.  Some  even 
went  so  far  as  to  consider  the 
cell-wall  the  most  important 
element,  and  the  term  cell  was  applied  even  to  the  walls 
of  perfectly  dead  cells  which  had  lost  the  whole  of  their 
contents.  But  since  cells  were  subsequently  observed  in 
which,  at  least  for  a  certain  period  of  their  existence,  such  a 
firm  wall,  diff'ering  chemically  from  their  contents,  was 
wanting,  and  since  also  there  are  cells  in  which  a  nucleus 
is  never  found,  it  became  necessary  to  modify  the  idea  of 
a  cell,  and  the  only  essential  constituent  is  now  held  to- 
be  the  protoplasm.  In  the  vegetable  kingdom  this  proto- 
plasm never  remains  permanently  uninvested  by  a  firm 
envelope,  but  is  always  sooner  or  later  enclosed  in  an 
elastic  more  or  less  solid  membrane,  the  substance  of  which 


Fig.  2. — A  cell  from  the  root  of 
the  lizard-orchis,  Orchis  hir- 
cina  \  a  the  cell-wall,  consisting 
of  cellulose  :  b  the  protoplasm 
contracted  by  alcohol ;  c  the 
nucleus  with  a  nucleolus,  (x 
200.) 
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it  secretes  out  of  itself.  Only  those  cells  are  in  a  living  state 
which  still  contain  protoplasm;  such  alone  can  grow, 
produce  new  chemical  combinations,  and,  under  favourable 
circumstances,  give  rise  to  new  cells.  Cells  destitute  of 
protoplasm  are  of  service  to  the  plant  only  by  their  hard- 
ness, their  power  of  attracting  water,  and  their  form,  or  as 
protecting  envelopes. 

Every  mass  of  protoplasm,  whether  free  or  enclosed  in  a  cell-wall, 
has  a  definite  external  boundary,  where  a  layer  of  it  is  distinguished  from 
the  internal  portion  by  the  absence  of  the  imbeddcvl  granules,  and  by 
its  consequent  greater  transparency.  This  layer,  called  the  primordial 
utricle^  is  not  sharply  defined  on  its  inside,  but  passes  gradually  into  the 
granular  and  less  dense  internal  mass  ;  it  is  thin,  being  only  very  rarely 
of  a  measurable  thickness.  The  protoplasm  which  is  contained  within 
a  cell-wall  does  not  generally  entirely  fill  up  the  cavity,  but  more  often 
occurs  as  a  delicate  parietal  layer  lining  the  cell-wall  on  the  inside, 
and  surrounding  the  hollow  cavity  filled  with  watery  cell-sap. 

The  protoplasm  is  a  compound  of  different  organic  substances, 
among  which  albuminous  (nitrogenous)  are  never  absent,  and  usually 
constitute  the  bulk  of  it.  It  therefore  easily  coagulates,  often  merely 
by  the  addition  of  water ;  and  this  is  especially  the  case  in  the  cells 
of  those  plants  which  do  not  live  in  water.  It  nevertheless  contains 
abundance  of  water,  and  is  usually  very  turgescent  j  i.e.  it  possesses  in 
a  high  degree  the  power  of  absorbing  water  between  its  most  minute 
particles,  and  swelling  up  in  consequence  somewhat  in  the  manner  of  a 
gum.  This  power  of  absorbing*  water  is,  however,  limited  ;  as  soon  as 
it  exceeds  a  certain  amount,  a  watery  fluid  is  exuded  in  drops  in  the 
interior  of  the  mass  of  protoplasm,  forming  cavities  ox  vacuoles  within  it. 
The  protoplasm  can  combine  with  water  only  slowly  and  not  in  any 
desired  proportion ;  and,  even  when  most  strongly  magnified,  presents 
the  appearance  of  being  separated  by  sharp  outlines  from  the  watery 
fluid  which  surrounds  it,  or  which  fills  up  the  cavities  in  its  interior. 
Water  passes  easily  through  a  layer  of  protoplasm  ;  but  the  latter  offers, 
in  the  living  state,  a  strong  resistance  to  substances,  such  as  colouring 
matters  or  salts,  dissolved  in  water,  which  is  generally  overcome  only 
by  such  injuries  as  destroy  the  life  of  the  cell. 

Every  formation  of  new  cells  which  can  be  submitted  to  observation 
begins  with  a  change  in  the  protoplasm,  the  true  body  of  the  cell ;  and 
this  substance  is  consequently  the  origin  of  all  new  development.  It  ca.vv 
not  therefore  be  destitute  of  structure,  but  must  be  o\tt^^>j  ot^^sccvva^^  S 
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t  must  be  simply  ibe  imperfect 
us  Ftoid  lecc^iziog  ihat  organis 
ic  of  all  vital  pheco 


microscopes  which  pie- 

1  is  a  necessary  accotnpa- 

lena.   Oneof  the  most  impoitant  uf  Ihesephe- 

A  continuous,  even  though  generally  ex< 
Ircmely  slow  and  imperceptible,  movement 
of  ihe  minule  particles  is  inseparable  from 
the  idea  cf  life  ;  and  that  movements  of 
ihii  kind  must  be  especially  eneigetic  in 
the  case  ot  protoplasm  may  be  inferred 
from  its  extreme  importance  (o  the  life  of 
the  plant ;  although  they  are  usually  not 
visible.  Perceptible  movements  are  espe- 
,   ^    ;    4  cially  clearly  seen  in  some  of  those  cells 

ll  j    '  I    \  — termed  primordial  cdli — which  are  not 

y  [|      j  enclosed   in   a  firm  cell-wal!  ;    the  move- 

yj     ^1  menls  of  (he  protoplasm  being  often  so 

vigorous  in  them  chat  the  cells  are  pro- 
pelled to  a  considerable  distance  from  their 
original  position,  and  present  to  tbe  be- 
ginner the  appearance  of  animal  ot^anisms 
endowed  with  voluntary  power  of  motion. 
Instances  of  ibis  are  furnished  by  (he 
'swarming'  motion  of  swarmspores  and 
antheniioids,  the  amicba-Iike  movements 
of  the  Myxomycetes,  &c.  Protoplasm 
which  is  enclosed  in  a  cell-watt  has  ordi- 
narily no  power  (if  escaping  from  its  enve- 
lope ;  but  even  when  so  enclosed  the 
microscope  sbows  a  'streaming'  of  (he 
protoplasm  in  all  young  living  colls.  The 
course  of  the  current  is  usually  only  along 
the  wall,  and  in  simple  spiral  or  reticulate 
lines,  and  is  then  termed  relalien,  as  in 
"  Chara&nA  Vallinicria  ;  less  of(en,  as  in  tlie 

*^3aml?™d™g"t^^«n"*f'''*"*"'^'>f^'^'-^«''"''tP='sses  in  threads 
ilie  celandine  1  *  the  nucleus  and  bands  transversely  through  (he  cell- 
b"iI;at2''iht'dlIUiS'rf^he  ^?'  ^^^  '^  ">™  ■^=^1'*'^  circulatipn  {Fig.  3). 
currents.  (X  460.)  The  currents  are  apparently  irregular,  now 

advancing,  now  retreating,  sometimes  suddenly  arrested  and  commencing 
again  with  increased  rapidity,  and  again  forming  for  themselves  new 
pitths  through  the  cell-sap. 
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Possibly  in  all,  at  all  events  in  the  immense  majority  of  cells,  are 
nuclei  or  cytoblasts.  In  the  dead  state  the  nucleus  is  a  spherical  or 
flattened  lenticular  body  of  from  0*004  to  0*04  mm.  diameter;  they 
often  possess  a  pellicle,  and  contain  one  or  more  nucleoli  (see  Figs.  2 
and  3).  In  the  living  condition  they  are  very  difficult  to  recognize,  but, 
as  far  as  v/e  know  at  present,  they  are  larger  than  when  dead,  and  of 


Fig.  4.  —  Spherical 
cell  from  the  fiesh 
of  the  peach,  (x 
370.) 


B^iG.  5.— Ellipsoidal 
cell  from  the  flesh 
of  the  peach,  (x 
370-) 


Fig.  6.— Hour-glass 
shaped  cell  Irom 
the  flesh  of  the 
peach,  (x  370.) 


variable  irregularly  jagged  form.     They  creep  about  in  the  protoplasm 
in  which  they  are  imbedded  after  the  manner  of  an  Amoeba,  and  certainly 


Fig.  8.— Disc-shaped  cell : 
a  unicellular  Alga,  Cos- 
cinodiscus.  (x  390.) 


Fig.  7. — Stellate  cell  from  the  hori- 
zontal septum  of  the  air-passages  of 
the' flowering  rush,  Butoinus  uni- 
bellatus.  (x  780.) 


Fig.  9.— Crescent-shaped 
cell  of  a  stoaia  (guard- 
ceir. 


take  the  largest  share  in  the  continuous  shifting  and  transformation  of 
the  bands  of  protoplasm  which  start  from  them. 


12 


StrucUiral  and  Physiological  Botany. 


The  form  and  size  of  the  naked  cell  {without  cell-wall) 
are  very  various,  in  consequence  of  the  constantly  changing 
motion  of  the  protO|ilasm.  In  those  which  are  enclosed  in 
;t  firm  wall  or  membrane  of  cellulose,  the  cell-wall  determines 
the  size  and  form  of  the  cell.  Although  cells  vary  relatively 
so  greatly  in  size,  they  are  generally  very  minute  even  in 
their  mature  state,  being  scarcely  visible  to  the  naked  eye,  or 
altogether  invisible.     I'he  unicellular  Zooglcea  Termo    for 


example,  is  from  o'ooi  to  ©■ooa  mm.  broad  and  long ; 
the  diameter  of  pollen-grains,  which  also  consist  of  a  single 
cell,  varies  between  o'l  and  o-oo75  mm. ;  the  lignified  cells 
in  the  wood  of  the  oak  {Quentis pedicellata)  have  an  average 
length  of  about  07  mm.,  and  those  in  the  trunk  of  the  silver 
fir,  Abies  putinata,  one  of  from  a  to  3  mm.  There  are,  how- 
ever, cells  of  a  considerably  larger  size,  especially  in 
the  Characese;  thus  iVi/if//o  has  cylindrical  cells  more  than  50 
mm.  long,  and  i  mm.  in  diameter.  The  walls  which  bound 
the  ceils  are  seldom  flat,  but  usually  curved,  of  perfectly 
spherical,  cylindrical,  or  even  branched  and  arborescent  form. 
The  most  common  forms  of  cells  are— spherical  (Fig.  4); 
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Fig.  la.— Ttirabedral  celliispors 
of  a  ftm  in  various   positions 


Fro.  .3.-Prisni--"i=  ™ll  from  1^ 


14  Slriictural  and  Physiological  Botany. 


The  Cell  as  an  Individual.  1 5 

ellipsoidal  (Fig.  5) ;  hour-glass-shaped  (Fig.  6) ;  stellate 
(Figs.  7  and  11);  disc-shaped  (Fig.  8);  crescent-shaped 
(Fig.  9);  tabular  (Fig.  10);  tetrahedral  (Fig.  12);  prismatic 
(Fig.  13);  fusiform  (Figs.  14,  15);  polyhedral  (Fig.  16); 
irregularly  branched  (Fig.  17). 

All  these  forms,  to  which  many  others  might  be  added,  are  produced 
from  cells  which  are  originally  more  or  less  spherical,  according  as  the 
pressure  to  which  they  are  subject  from  the  adjacent  cells  is  greater  or 
less,  and  according  as  the  vigour  of  their  growth  on  all  sides  is  more  c  r 
less  uniform.  It  is  by  far  most  probable  that  the  growth  of  the  celi- 
wali,  when  once  formed,  takes  place  solely  by  intussusception^  that  is,  by 
the  intercalation  of  fresh  particles  of  cellulose  among  those  already  in 
existence.  This  process  is  the  essential  element  of  those  long-enduring 
changes  of  a  physical  and  chemical  character  to  which  the  cell-wall  is 
subject  during  its  growth,  causing  it  to  be  of  essentially  different 
nature  from  the  shell  of  a  mussel,  on  the  inner  side  of  which  new 
layers  are  being  constantly  deposited.  The  wall  serves  not  only  for  the 
external  protection  of  the  cell,  but  is  most  intimately  connected  with  its 
life ;  so  that  even  when  the  cell  has  long  ceased  to  exercise  an  active 
influence  on  the  life  of  the  plant  by  the  formation  of  new  cells  or  by  the 
secretion  of  special  substances  within  it,  other  changes  are  still  proceed- 
ing in  the  cell-wall,  which  may  often  be  perceived  even  by  the  naked 
eye  ;  as  in  ebony-wood,  the  innermost  layers  or  'duramen  '  of  which 
become  of  a  darker  colour  than  the  *  alburnum  *  or  layers  of  wood 
which  lie  nearest  to  the  bark. 

The  cell-wall  appears  at  first  as  a  thin,  apparendy 
structureless  membrane  (the  primary  cell-wall))  in  the 
course  of  its  growth,  however,  several  layers,  thickening- 
layers^  are  apparently  deposited  at  an  early  period  on  the 
inside.  Although  under  the  microscope  these  layers  seem 
very  clearly  defined  from  one  another  and  from  the  primary 
cell-wall,  such  a  definition  does  not  actually  always  exist 
(see  Figs.  19-21).  The  fact  that  the  cell- wall  appears  to 
consist  of  several  layers  depends  on  the  unequal  density 
of  the  separate  lamellae ;  and  this  can  be  explained  by  an 
unequal  absorption  of  water,  the  layers  appearing  as  if 
quite  unstratified  when  dry.  Always  less  evident  than  the 
thickening-layers,  there  can  be  perceived  on  iVv^  c€^-^^ 
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delicate  spiral  longitudinal    and  transverse  stnations  (Fig 
26  p   18)   and  this  strtalun  is  also  as  a  rule  only  the  result 


n  unequal  absorption  of  water.     The  formation  of  shells, 
1  which  the  cell-wall  is  split  up  into  two  or  more  strata  of 


different  chemical  and  phjsical  properties,  must  be  clearly 
.listinguished  froiv   the   thickening -layers.     Each  of  these 


TIte  Cell  as  an  Individual, 


shells  corresponds  to  a  complete  system  consisting  of  a 
number  of  thickening-layers,  and  may  manifest  the  striation 


,    .     «n(ofthese _ 

vEgelabLc    ivory,    Fkylcltfkai,  By   i 

with  pon-r3nBlj<P  P)  samewhiil  ce11-w 

widened  u  the  biie.  (x  3; 


already  described.      This  fonnation  is  peculiar  to  more 
strongly  thickened  cells,  and  can  usually  be  detected  only 


Flc  34.— Put  of  a  wood'Ce]] 
frum  (he  Scotch  fir  seen 
Ytrticallr  (rf  FU.  =7)  ;,  t 
open  pDft ;  k  Its  border,  which 
has  the  appearance,  saen  from 
above,  of  a  tauccr-shaped 
depression  with  a  cential 
onficB/.  (>ie6a) 

by  the  application  of  powerful  chemical  reagents,  which 
cause  the  shell  to  split  up  by  fissures  previously  existu^^xavo 
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Fm,  ij,  —  Wood-cell  of 

Ih.   'Sd«ch    fir.    v,i.h 

I„jci^m.  with  in. 

bordend   pit< ;    m    m 

lercroHing     .pini 

^■/^t'^  Jkh 

Ihoie  of  Ihe  mcdulluy 
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several  spiral  bands  (Fig.  18,  p.  14).  The  thickening -kyers 
often  inciease  so  considerably  that  the  space  enclosed  by  the 
cell-wall,  the  (cU-cavity,  almost  entirely  disappears  (Fig.  20). 
The  increase  of  the  cell-wall  in  thickness  is  almost  in- 
variably uniform  only  in  its  earliest  stage ;  a  want  of 
uniformity  very  soon  sets  in  at  various  spots.  This  is 
especially  manifested  at  the  comers  and  edges,  the  cell- 
cavity  being  always  more  or  less  rounded  off;  but  it  sub- 


a 


ftom   Arundo  donax. 

sequently  often  takes  place  only  on  one  side  (Fig.  21),  or  so 
slightly  at  pardcular  spots  that  pitted  or  pore-canals  are  formed 
at  those  spots.  These  are  sometimes  simple  (Figs.  19,20), 
sometimes  branched  (Fig.  25).  The  canals  from  adjoining 
ceils  constantly  meet ;  sometimes  they  are  widened  at  their 
base  into  bordered  pits  (Fig.  zz) ;  and  the  membrane  between 
these  frequently  disappears,  so  that  cells  become  thus  actually 
perforated  (Figs.  a$,  24).     According  to  the  6eve\ci\m^eW.  "al 
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the  pits  or  of  the  thickening- layers  we  distinguish  between 
pitied  cells  (Fig,  27),  reticulated  cells  (Fig.  28),  spiral  celli 
(Figs.  29,  30),  annular  cells  (Figs.  31-34),  and  scatariform 
(ladder-like) £f/A  (Fig.  36).  Pitted  cells,  which  are  furnished 
in  addition  with  spiral,  reticulate,  or  annular  thickenit^;- 


layers,  are  also  called  tracheides  (Fig.  35) ;  they  occur,  for 
.  example,  abundantly  in  the  yew,  lime,  and  Viburnum. 

The  increase  in  thickness  of  the  cell-wall  takes  a  very  peculiar  form 
in  the  epidermal  cells  of  many  Urticaceze  and  of  some  other  plants.  In 
(he  interior  of  specially  enlarged  cells,  stratihed  and  finally  club-shaped 
outgrowths  of  the  wall  are  formed,  in  which  are  deposited  small  crystals, 
scarcely  or  not  at  all  distinguishable  as  such,  of  calcium  carbonate  (Fig. 
37).  These  clustered  structures  are  known  as  cyiiBlitks.  Bodies  of  a  simi- 
lar nature  occur,  though  less  frequently,  in  the  pith,  as  in  Kerria  ja^- 
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nico.  Of  th«  same  nature  are  the  deports  uf  crystals  of  calcium  oxalate 
in  tbe  cell-wall,  as  for  example  in  the  leavesof  the  citron,  the  epidermis 
of  Ihe  root  of  the  Lombardy-poplar,  &c. 

The  cell-wall  consists  of  a  pecullaj-  substance  called  edlulosr,  having 
the  cbemicftl  compoalion  C,H„Oj.  It  is  found  in  the  pure  state  only 
in  young  celts ;  in  older  cells  it  is  often  concealed  by  other  bodies 
which  are  said  to  incrust  it,  or  becomes  altogether  transformed  into  other 


Fig,  3j.— CyMoliihs  ftom  ibe  1e»t  of  Vnaligm, 
tlatlieum.  (x  ^70.) 


Fig.  ]6.  —  ScalanliMB  cell 
from  the  uaderxTound  iwin 
of  Ihe  brake,  PUru  aata- 

substances.  Cell-walls  are  intimately  permeated,  by  means  of  iturtii- 
tatii/n  or  ittfiltration,  by  other  substances  H-hich  are  deposited  among 
the  particles  of  cellulose.  The  cell-walls  of  many  Algie  are  converted 
by  incrustation  into  actual  coats  of  silica,  which  are  often  marked  with 
very  beautifiil  tracings,  so  fine  that  they  are  used  as  lest-objects  undw 
ibe  microscope ;  and  this  ii  especially  the  cas«  in  &e  &aX.oiii&  '^N^r 
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38).     Coats  of  silica  and  otlier  inorganic  incntstii^  masses  often  remain 
as  skeletons  after  conibuBlion  of  the  cells. 

The  direct   cransfonnatioD   of   cellulose  into   other   substances  is 
also  a  verf  common  phenom^on.     The  products  of  tniDsfoiination  thus 


formed  either  partake  of  the  peculiar  properties  of  cellulose,  or  aro 
used  for  the  future  economj  of  the  plant,  or  must  be  looked  on  as  ex- 
creta. The  most  conunon  examples  of  the  first  kind  are  afforded  by 
the  ligmfacHon  and  iuierisalion  of  cell-walls  ;  i.e,  the  processes  by 
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which  cellulose  is  converted  into  li^nin  or  airk.  The  V! 
the  second  kind,  in  which  the  transformed  and  absorbed  portions  of  the 
cell- wall  are  retained  to  support  the  life  of  the  plant,  have  been  comprised 
under  the  tenn  raorpHsn.  To  this  class  belong  the  disappearance  of 
particular  portions  of  the  cell-wall  in  the  coalescence  of  cells  to  be  here- 
after described,  as  well  as  the  resorption  in  the  formation  of  bordered 
pits,  in  which  the  cell-walls  between  the  canals  have  bfconie  absorbed. 
As  examples  of  excreta  produced  from  cellulose  by  transformation,  and 
DO  longer  of  service  for  the  life  of  the  plant,  at  least  in  the  formation 
and  nourishment  of  cells,  we  may  regard  gum-arabic,  cherry-gum,  gum- 
tragacanth,  and  other  similar  substances.     In  some  cases  only  particular 


cells  are  subject  to  these  transformations ;  in  others  all  without  distinction. 
Thus,  for  example,  in  the  stem  of  the  cherry  or  plum-tree,  gum  may  be 
produced  from  any  kind  of  Cell.  Of  B  somewhat  similar  nature  to  ihis 
formation  of  gum  is  the  conversien  inte  mueUage  of  the  epidermal  cells 
of  many  seeds,  as  in  linseed  and  quince  seeds.  In  these  cases  the  cell- 
wall  is  excessively  thickened  ;  but,  while  otherwise  retaining  all  its 
special  characlenstics,  the  innermost  layers  Swell  up  to  an  extraordinary 
extent  in  water,  so  that  they  bunt  the  outer  layers  which  have  not  the 
same  property,  and  emerge  as  a  transparent  mucilage  (Fig.  3q).  The 
secretions  of  cells,  which  will  be  referred  to  hereafter,  must  not  be  con- 
founded with  these  products  of  transformation  of  the  cell-wall. 

Besides  protoplasm,  the   nucleus,  the  walftT^  t^i-^a.-^. 
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and  the  solid  substances  and  gases  contained  in  it  in  a  state 
of  solution,  there  occur  also  in  the  cell  various  special  cell- 
contents.  To  the  solid  substances  of  this  nature  belong  pig- 
ments, starch,  crystalline  formations,  aleurone,  and  resin; 
to  the  fluid  substances  oil,  caoutchouc,  viscin,  and  gutta- 
percha. The  albuminous  or  proteinaceous  substances  are 
sometimes  solid,  sometimes  dissolved.  Finally,  in  the  living 
cells  occur  sugar,  tannic  acid,  and  inulin,   dissolved  in  water. 

The  most  important  of  these  substances  is  chlorophyll,  the  source  of 
the  green  colour  of  plants.  It  is  always  combined  with  particles  of  pro- 
toplasm of  definite  form,  which  in  consequence  appear  of  a  green 
colour,  and  are  called  chlorophyll-bodies.  These  occur  and  are  formed 
only  in  those  cells  which  possess  a  cell -wall,  never  in  naked  primordial 
cells.  They  are  usually  lenticular,  rarcily  in  the  form  of  bands 
(as  in  the  Conjugata;,  Fig.  41),  stellate  figures,  or  in  undefined  flakes. 
Chemists  are  not  yet  agreed  as  to  the  chemical  composition  of  chlorophyll ; 
but  it  is  probably  composed  of  two  independent  colouring  substances,  a 
golden  yellow  and  a  blue-green ;  it  is  possible  also  that  iron  is  an 
essential  constituent  of  it.  The  access  of  light  is  also  an  indispensable 
condition  for  its  formation.  Plants  otherwise  green  which  grow  in  the 
dark  become  bleached  or  etiolated  ;  a  very  small  quantity  of  light  is, 
however,  sufficient  to  produce  chlorophyll  in  many  plants  that  grow  in  the 
shade.  The  germinating  seeds  of  many  Coniferae  and  the  fronds  of 
ferns  afford  a  striking  exception,  becoming  green  even  in  absolute 
darkness  when  the  temperature  is  sufficiently  high.  The  chlorophyll- 
bodies,  which  arise  from  and  in  the  protoplasm,  remain  subsequently 
imbedded  in  it,  and  are  especially  found  in  a  motionless  layer  of  the 
parietal  coating  ;  rarely,  as  in  Vallisneria  spiralis  (Fig.  40),  in  the  cur- 
rents themselves  of  the  protoplasm.  They  consist  of  a  colourless  pro- 
toplasmic fundamental  substance,  in  which  the  green  colouring  matter 
is  imbedded.  They  possess  no  proper  membrane,  although  the  outermost 
layer  is  denser,  the  density  decreasing  gradually  towards  the  fluid  in- 
terior, and  affording  therefore  a  comparison  with  the  primordial  utricle 
of  the  protoplasm.  In  their  interior  are  often  found  granules  of  starch, 
which  have  generally  been  formed  there  under  the  influence  of  light ; 
while  less  frequently  (in  some  Muscineae,  as  Anthoceros  and  Fissidens 
bryoides)  they  are  points  of  crystallisation  around  which  the  mass  of 
chlorophyll  has  been  deposited.  The  chlorophyll-bodies  do  not  usually  in- 
crease greatly  in  size  ;  but  in  Metzgeria  furcata  (a  Hepatica)  the  diameter 
has  been  observed  to  increase  from  0*0003  ^^^'  to  o*oo6  mm.     They 
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multiply  also  by  division,  splitting  up  into  two  new  bodies,  each  capable 
of  independent  life. 

The  parts  of  plants  which  are  not  green,  as  the  petals,  have  peculiar 
pigments  in  their  cells,  sometimes  dissolved,  sometimes  as  solid  particles. 
Particles  of  a  red  pigment  are  found,  for  example,  in  Adonis  autumnalis^ 
0004  mm.  in  diameter,  of  an  orange  colour  \xl  Zinnia  degans,  yellow  in 


Fig.  41. — Band  of  chlorophyll  in 
Spirogyra  (Coidugatac) :  two 
cells  seen  from  the  surface.  ( x 
350.) 

Fig.  40. — Cells  from  the  leaf  of  ValliS' 
furia  spiralis.  The  round  bodies  are 
grains  of  chlorophyll ;  the  arrows  denote 
the  direction  of  the  currents  of  proto- 
plasm, (x  800.) 

Kerria  japonica.  A  violet  colour  is  always,  a  blue  colour  usually,  due 
to  dissolved  pigments.  As  an  example  how  peculiarly  the  separate 
pigments  may  be  distributed  in  different  superimposed  layers  of  cells, 
the  marginal  flowers  in  the  capitulum  of  Zinnia  elegans  are  scarlet  on  the 
upper,  light  yellow  on  the  underside,  the  uppermost  layers  of  cells  con- 
tain, a  purple  sap  with  orange  granules,  all  the  rest  a  colourless  sap 
with  a  smaller  number  of  light  yellow  granules.  Only  those  cells  which 
are  filled  with  air  appear  white  ;  a  black  appearance  depends , on  a  dark 
shade  of  a  violet  or  brown  colour.  The  conditions  which  favour  the 
formation  of  the  bright  pigments  are  not  yet  known  *,  \\i^  «jg5,x\c>j   Ok^ 
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light  is  not  probable,  since  the  bright  colouring  of  flowers  appears  k 
soon  as  the  form  of  the  parts  of  the  flower  is  determined,  evoD  though 
in  the  dark. 

Still   moie  widely  distributed    in   the    v^elable    kingdom   than 


chbiophyll  is  j-Zarc^,  fotmed  and  found  likewise  only  in  tliose  cells  which 
are  invested  with  a  cell-wall.  With  a.  great  external  variability,  grains 
of  starch  possess  the  common  characteristic  of  taming  an  indigo-blue 
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colour  on  treating  wilh  an  aqueous  solution  of  iodine. '  The;  have  the 
same  chemical  composition  as  cellulose,  C,H„0,  ;  they  are  insoluble  in 
cold  water,  but  swell  up  very  strongly  in  boiling  water,  forming  a 
paste.  If  starch  mixed  with  saliva  is  heated  for  some  time  lo  45°  or 
55°  C,  the  substance  which  is  coloured  blue  by  iodine  is  removed.  The 
conclu^on  which- naturally  follows,  that  starch  consists  of  the  substance 
that  is  coloured  blue  by  iodine,  granules^,  together  with  a  cellulose 
substance  that  is  not  so  coloured,  called /a  n/wic,  must  not,  however,  be 
considered  as   finally  determined.     The  grains  of  starch  are  always 


Smiliix  Sanafarilla. 


formed  originally  within  the  chlorophyll.  On  their  first  origin  they  appear 
as  infinitesimally  small  bodies,  which  are  invariably  of  a  spherical  fonn 
until  they  have  attained  a  certain  size.  In  the  course  of  their  lurtiicr 
growth  they  deviate  in  a  variety  of  ways  from  this  form  (Figs.  42-46). 
The  fully-developed  starch-grains  of  the  sorrel  and  of  the  tuberous  roots 
of  the  orchis  are  spherical ;  those  of  the  grains  of  cereals  lenticular  ;  of 
the  potato  ovoid  ;  grains  of  the  shape  of  a  rod  or  bone  are  found  in  the 
latex  of  tropical  Euphorbias,  &c.     {Fig.  46.) 

Mature  starch-grains  consist,  as  a  rule,  of  a  number  of  layers  which 
appear  to  have  been  deposited  around  a  central  or  eccentric  nucleus  ; 
but  it  is  impossible  to  believe  that  separate  layers  have  been  actually 
so  formed  in  the  course  of  growth  ;  it  is  much  more  probable  that 
ihey  grow  by  intussusception  (see  p.  15),  and  that  the  stratification  is 
only  the  consequence  of  the  layers  or  shells  containing  a  larger  or 
smaller  quantity  of  water,  as  is  shown  by  perfectly  dry  grains  of  starch 
being  unstratiRed  throughout.     Those  grains  which  contain  two  or  more 

'  An  exception  is  perhaps  afforded  by  the  membranes  of  the  asci  of 
Lichens,  with  respect  to  which,  however,  it  b  at  present  und«J<eTOiYMA 
whether  they  contain  starch  or  not. 
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nuclri,  surrounded  hj  a  common  system  of  periphend  layeis,  are  teimed 
semi-compound   {Fig.   42  d) ;   componnd  when  the  dirUions  which 


called  pseudo-compound  where  several  are  enclosed  together  in  one 
vesicle,  as  in  a  grain  of  chlorophyll  {Fig.  47),     Only  in  a  comparatively 
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small  number  of  groups  of  planU  has  no  starch  been  found  up  ti 
present  time,  as  in  many  Alg,-e  and  Fungi.     The  purpose  of  the  forma- 
tion of  starch  ts  that  it  may  be  stored  up  in  the  cells  as  a  reser 
material,  which  becomes  dissolved  in  the  subsequent  focraBlioi 


-e  food- 


Fic.  51,— Longitudinal  section  through  ihe  inntr  bark  of  the  stem  of  //ajM 
aiTKBia.  Together  with  the  thin-walied  parenchyma,  parily  eonlaining 
cUorophyll  with  sEarch-gtains,  pAfily ctyitaU  d  ir\Akr,  are  handn  of 

cells,  and  can  then  be  used  as  a.  formative  material.  It  is,  therefore,  de- 
posited in  especially  laige  quantities  in  bulbs,  tubers,  seeds,  ■^WtTv- 
grains,  and  generally  in  those  organs  which)  ■wtaen  -vegWMXOTi  ^^^ta-, 
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fonn  the  staiting-poinCs  of  (he  new  formation  of  large  numbers  of  cellii. 
(See  oJso  Chap.  V.} 

Cryslali  occur  in  particular  cells  in  almost  all  the  bigher  vascular 
plants,  less  often  also  in  the  less  highly  organised  Cryplc^iuns  ;  aai  in 
Conifers  are  also  frequently  found  imbedded  in  the  cell-wa.ll.  They 
consist  of  calcium  oxalate.  The  crystals,  when  separate,  contain  six  equi- 
Talents  of  water  of  crystallisation  ;  their  stem-form  is  a  blunt  quadrate 
octahedron  (Fig.  48).  The  bundles  of  aeicular  crystals  or  raphida 
have,  on  the  other  hand,  only  two  equivalents  of  water  of  crystallisa- 
tion, and  are  klinorhombic  columns  or  hendyohcdra  (Fig.  50),  often 
'jEry  similar  in  form  to  those  of  calcspar.  The  groups  of  crystals 
have  one  or  the  other  form  according  10  their  chemical  constitution 
{Figs.  49,  51). 

The  albamittim!  or  proleiaaeeotu  substances  contained  in  the  cell  are' 
of  special  importance,  since  they  stand  in  the  closest  relationship  to 


protoplasm.  Their  presence  is  generally  detected  with  tolerable  ease 
under  the  microscope,  being  coloured  red  by  the  addition  of  water 
and  sulpbmic  acid  or  mercury  subnitmte.     Tbe^  usually  appear  to  be 
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perfectly  dissolved  in  the  cell-sap,  often  as  granular  masses,  more 
rarely  in  a  crystalline  form,  as  protein -crystals  or  crystalloids.  They 
exhibit  all  the  essential  properties  of  protoplasm,  and  are  not  true 
crystals,  differing  from  these  essentially  in  many  respects.  The  cubic 
crystalloids  of  the  potato,  for  example  (Fig.  52),  are  not  dissolved  by 
water,  but  break  up  in  a  peculiar  manner  so  as  to  appear  as  if  composed 
of  several  layers.  Crystalloids  generally  occur  in  the  cells  in  which 
reserve  food-materials  are  stored  up  for  future  use,  especially  in  oily 
seeds. 

Grains  of  aleurone  occur  frequently  in  the  endosperm  and  the  cotyle- 
dons. In  seeds  which  contain  starch  this  albuminous  substance  includes 
only  a  little  oil,  and  does  not  form  granules,  as  in  the  grasses,  bean, 
vetch,  sweet  chestnut,  &c.  In  oily  seeds,  on  the  contrary,  such  as  the 
Brazil  nut,  nutmeg,  Umbelliferae,  &c.«  it  replaces  the  starch-grains. 
Crystals  of  calcium  oxalate,  or  roundish  or  clustered  granules  {globoids), 
a  double  calcium  and  magnesium  phosphate  in  which  the  latter  is 
greatly  in  excess,  are  frequently  found  in  the  grains  of  aleurone,  im- 
bedded in  albuminous  substance. 

The  roots  of  Compositae,*  as  the  dahlia,  sunflower,  &c.,  and  less  often 
the  stems,  contain  a  peculiar  substance  called  inulin.  In  the  living 
cell  it  occurs  only  in  solution,  and  is  only  precipitated  on  evaporation 
or  on  che  addition  of  alcohol  or  of  some  other  substance  that  has  a 
strong  attraction  for  water.  If  the  process  Is  successfully  and  rapidly 
performed,  the  inulin  has  the  form  of  fine  granules  which  have  often 
a  frothy  appearance ;  but  if  the  process  goes  on  for  a  considerable  time, 
it  fAms  beautifid  spherical  bodies,  called  sphere-crystals  (Fig.  53). 

Besides  these  substances  and  those  already  mentioned,  others  often 
occur  dissolved  in  the  cell-sap,  the  presence  of  which  is  proved  by 
chemical  tests,  but  which  cannot  be  detected  in  the  cell  itself  even  by 
the  microscope.  To  this  class  belong  especially  the  alkaloids,  strych- 
nine, brucine,  chinine,  cinchonine,  &c. 

By  the  term  cell-formation  is  understood  the  mode  of 
origin  and  multiplication  of  cells.  These  two  processes 
are  identical,  if  we  confine  ourselves  to  what  has  at  present 
been  determined  by  direct  observation,  and  do  not  assume 
an  equivocal  or  spontaneous  generation  by  which  new  cells 
are  formed  without  being  derived  from  mother-cells,  simply 
by  the  concourse,  imder  favourable  circumstances,  of  organic 

*  [The  presence  of  inulin  is  not  confined  to  Compositae. — Ed.\ 
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or  even  of  inorganic  substances.     Three  main  types  of  cell- 
fonnation  may  be  distinguished  : — 

I.  The  renewal  or  rejiwenescmce  of  a  cell,  i.e.  the  forma- 
tion of  a  single  new  cell  from  the  entire  protoplasm  of  a  cell  al- 
ready in  existence.  This  occurs  in  the  formation  of  a  swarm- 
spore  out  of  the  entire  contents  of  a 
,,  vegetative  cell,  especially  among  the 
Algje  (see  Classification  of  Algie, 
,   Chap.  VI.) 

2.  Conjugation,  or  the  coales- 
cence of  two  or  more  protoplasmic 
bodies  in  the  formation  of  a  cell. 
This  begins  with  the  lateral  approach 
of  two  neighbouring  cells,  and  the 
appearance  of  an  opening  at  the 
point  of  contact,  concluding  with 
the  complete  union  of  the  contents 
of  the  two  cells  for  the  purpose  of 
reproduction  (production  of  spores), 
in  its  typical  form  it  is  limited  to  a 
:  few  Algre  and  Fungi.  (Fig.  54.) 
ni«a-.  a  >  naiur*  J^osp^rt  i  3,  The  multiplkaOon  of  cell%  or 
f.  i  sLteaivc  «4«s"<rf'con;  the  formation  of  two  or  more  pro- 
juKation.  (x  3»,)  toplasmic  bodies  out  of  one. 

Each  of  these  modes  of  cell-formation  commences  by 
the  protoplasm  which  is  destined  for  the  new  cell  losing  its 
previous  power  of  motion,  and  contracting  into  a  spherical 
form.  When  the  original  cell,  termed  the  mother-cell,  pos- 
sesses a  nucleus,  this  process  is  preceded  by  the  formation 
of  fresh  nuclei  which  are  destined  for  the  future  cells,  the 
daughter-cells  (Fig.  55,  I.).  The  formation  of  these  new 
secondary  nuclei  takes  place  either  by  the  division  (most 
frequently  the  bipartition)  of  the  existing  nucleus,  or  by  their 
re-formation  after  the  previous  absorption  of  the  original 
primary  nucleus  of  the  mother-cell;  as  many  new  nuclei 
being  formed  as  there  are  cells  to  be  produced.    In  the  further 
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course  of  development  two  op|Kisite  conditions  occur,  which 
are  distinguished  as  free  cell  formation  and  cell-division. 

In  free  cell-formation  the  masses  of  protoplasm  of  the 
mother-cell  collect  around  the  nuclei  previously  produced, 


n  in  the  eodlKponn  of  the  Karl«-ni 
.1 "'-'-5  unchanged  st 


ito  daUEhter-ccUs  ;  d  a  MmUar  cell  lo  b,  ihe 
iiLracEcdby  dieaddiiiDnof  wAtcr.  (x  670O 


and  thus  form  themselves  into  new  cells  which  remain  en- 
closed within  the  mother  cell,  the  life  of  which  still  con- 
tinues for  a  time.  In  most  cases  they  have  already  formed  a 
cell-wall  of  cellulose  while  still  enclosed  within  the  mother- 
cell,  as  in  the  case  of  pollen-grains  and  the  embryo-sac  of 
Phanerogams  (Fig.  55  11.);  less  often  not  till  dfter. their 
escape,  as  occurs  in  swaimspores.      This  mewfciaxa  <A 
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cellulose  is  fonned  outside  the  primordial  utricle  of  the 
protoplasm  by  the  solidifying  of  a  more  or  less  fluid  sub- 
stance which  is  secreted  by  the  protoplasm. 

The  formation  of  cells  by  celliiivision  is  far  more  common 
than  that  by  free  cell-formation,  since  it  alone  takes  place 
m  all  processes  which  have  to  do  with  normal  growth.  In 
this  process  the  protoplasm  of  the  mother  cell  separates 
into  several  portions  which  generally  fill  up  the  mother-cell 
so  completely  that  no  more  space  is  left  than  ts  sulfldent 


_.  _._  n^enta  by  the  addilion  of  a  solution  of  suear,  the  pa. ,„ 

waU  alrudy  fomi«d  tciiig  thus  oiade  viable.  In  each  half  oT  Ihc  cell  is  a 
secondary  nucleus  from  which  bands  of  prctoplasn  proceed  v>  the  mareiiir 
(Strongly  tnagnilxd) 

for  the  production  of  cell-walls.  In  certain  cases,  in  which 
the  membrane  is  formed  gradually,  the  division  of  the  proto- 
plasm into  its  separate  portions,  which  advances  from  the 
outside  of  the  cell  towards  the  centre,  is  accompanied  pari 
passu  by  the  formation  of  the  cell-wall.  This  first  makes  its 
appearance  as  a  narrow  ridge  on  the  inner  surface  of  the 
original  cell,  which  gradually  increases  in  breadth  until  at 
length  it  has  divided  the  entire  cell-cavity  into  compliments. 
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Actually  to  observe  this,  it  is  necessary  to  add  to  the  cells  at 
the  proper  stages  some  substance  with  an  attraction  for  water, 
such  as  alcohol,  so  as  to  contract  the  protoplasmic  con- 
tents (Fig.  56).  Examples  of  this  are  furnished  by  many 
filamentous  Alg«B,  as  well  as  in  the  formation  of  the  pollen- 
grains  of  many  Dicotyledons.  The  formation  of  the  new 
cell- wall  does  not  always  proceed  so  gradually  and  uniformly 
along  with  the  division  of  the  protoplasm;  in  many  cases,  as 
in  the  formation  of  the  pollen-grains  of  the  great  majority  of 
Monocotyledons,  the  production  of  the  entire  cell-wall  takes 
place  suddenly,  or  at  least  so  rapidly  that  it  is  impossible  to 
detect  the  intermediate  steps  (see  Fig.  55  I.,  p.  33).  The 
number  of  daughter-cells  which  arise  in  the  mother-cell 
varies,  but  is  always  uniform  in  any  particular  case. 

Not  only  is  the  number  of  cells  increased  by  cell-multi- 
plication, but,  in  consequence  of  the  newly-formed  cells  re- 
taining a  connection  with  one  another,  large  cellular  struc- 
tures are  produced,  the  most  complete  development  of 
which  occurs  in  the  higher  plants. 


CHAPTER  II. 

THE  CELL  AS  A  MEMBER  OF  A  GROUP  OF  SIMILAR  CELLS. 

Only  a  comparatively  small  number  of  plants  consist,  during 
the  whole  period  of  their  existence,  of  a  single  cell ;  in  the 
greater  number  the  cells  are  united  into  groups.  The  pro- 
duction of  these  groups  .  of  cells  is  caused  by  two  circum- 
stances : — In  the  first  place,  the  cell-walls  of  young  con- 
tiguous cells,  where  they  are  in  contact  with  one  another, 
amalgamate  into  a  homogeneous  mass ;  and  secondly,  cells 
originally  distinct  coalesce  with  one  another  when  the 
portions  of  the  walls  that  are  in  contact  are  of  nearly  the 
same  nature.     This  union  of  adjacent  cells  is  so  \ivl\Ta^.X<^ 
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that  it  can  be  artificialiy  destroyed  only  by  chemical  re- 
agents which  dissolve  the  outermost  layers  of  the  cell-walls 
themselves.  It  nevertheless  happens  very  frequently  that, 
in  consequence  of  the  unequal  growth  of  adjacent  cells,  the 
cell-walls  which  have  already  coalesced  again  partially  or 
entirely  separate  from  one  another,  so  that  a  cavity  or  tnter- 
cel/ular  space '\5  formed  between  these  cells  (Figs.  60,63) 
The  form  andarrangeraent  of  these  small  intercellular  spaces 
differ  greatly  in  different  plants,  and  in  different  parts  of 
the  same  plant  They  occur,  for  example,  between  the 
spherical  cells  of  certain  groups,  where  they  form  together 
a  system  of  inUrullular  passages,  which  often  increase 
into  capacious  air-cavities,  air-canals,  or  large  open  spaces. 
The  causes  which  .co-operate  in  the  formation  of  these  in- 
tercellular spaces  may  be  very  various ;  in  addition  to  the 
separation  of  cells  previously  united,  a  dismemberment  and 
subsequent  drying  up  of  dead  cells  may  be  especially 
mentioned. 

There  is  no  special  substance  uniting  and  unifonnly  cementinE 
together  the  individual  cells ;  but  if  groups  of  thick-walled  cells  are 
examined,  it  is  generally  found  that 
the  contiguoo(  cells  are  connected 
together  ^  a  uniform  meaian  layer 
apparently  common  to  the  two  cells. 
It  was  the  figuringof  this  structure 
(Pig.  57)  which  originated  the  idea 
of  a    peculiar   '  inlercellular    sub- 

D.,j,_^  stance'  not  belonging  to  the  cells ; 

I  jO  but    a    more    exact    investigation, 

especially  of  the  development   of 
•TA-   ^-^ici^!'  ^'^  groups  of  cells,  shows  thai  even 

in  these  cases  there  is  no  indepen- 
dent median  layer,  but  rather  a 
region  where  a  coalescence  has 
taken  place  of  contiguous  cell -walls 
which  may  have  undergone  in  the 
course  of  their  growth  some  imiWrtant  change  in  their  chemical  nature. 


cclJa  of  lh«  wood  o 
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Certain  differences  exist  in  the  groups  of  similar  cells, 

according  to  which   they  are    distinguished  as  families   or 

colonies,  tissues,  and  fusions  of  cells. 

A  cell-family  originates  from  a  single  mother-cell ;  and 

each  of  the  daughter-cells  preserves  its  own  individuality, 
which  can  even  proceed  as  faf 
as  separation  from  the  family. 
In  Pediastrum  rotiila,  for  ex- 
ample (Fig.  581),  the  green 
contents  of  each  modier-cell 
break  up  into  several  spherical 

fic  sS-— A  .*™;iy  of  Piduatf^m     daughter-cells  ;  the  innermost 

™/n  a  (in  Alga)  eonsisling  of  eight  =  ' 

ceiii.(ii  ISO-)  membrane    of  each    separate 

mother-cell  then  protrudes  through  a  fissure  and  rapidly  en- 
larges, in  order  to  make  room,  in  the  cells  formed  in  it,  for  a 
creeping  motion  which  lasts  for  some  time.     As  soon  as 


Fic  sfl.--' 


this  motion  ceases,  the  sister-cells  place  themselves  together 
so  as  to  form  a  plate,  and  produce  in  their  development  a 
new  colony.  Cell-families  occur  only  in  the  lowest  classes 
of  plants,  the  Algae  and  Fungi  (Fig,  59). 

The  union  of  cells  into  tissues  and  cell  fusions  is  perma- 
nent, and  is  combined  with  a  limitation  in  various  ways  o(  t'cv^ 
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functions  of  the  separate  cells.  In  the  former  the  cells  unite 
only  into  a  group,  the  elements  (separate  cells)  of  which  can 
still  be  easily  reccgnised,  and  still  possess  a  certain  individu- 


ality ;  in  the  latter,  on  the  contrary,  the  separate  cells  coalesce 
into  a  single  individual,  the  elements  of  which  are  often  com- 


polygonal :  only  a  few  have  as  y 


pletely  indistinguishable  as  such.  Both  are  of  much  greater 
importance  in  the  vegetable  world  than  cell -families,  since 
their  occurrence  is  incomparably  tr.ore  frequent 
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If  the  cells  which  constitute  a  tissue  are  pointed  at  their 
ends,  much  longer  than  broad,  and  dovetailing  into  one 
another,  the  tissue  is  called  prostnchyma.  If  the  cells,  on  the 
other  hand,  are  arranged  in 
rows,  are  bounded  by  flat  or 
curved  walls,  and  not  much 
longer  than  broad,  it  is 
called  parauhyma.  The  two 
kinds  of  tissue  frequently  pass 
over  into  one  another,  and 
may  be  more  or  less  regular 
according  to  the  mode  in 
which  the  cells  have  been 
developed  {Figs.  60-63).  To 
special  forms  the  terms  coUen- 
chyma  and  '  tela  contexta '  have  ■ 
been  applied.  The  former 
usually  consists  of  cells  which  ^ 
have  become  more  strongly  ~ 
thickened  at  the  corners 
than  at  the  sides;  the  thicken-  - 
ing-masses  are  also  capable 
of  swelling,  so  that  when  they 
lie  in  water  they  appear  glossy 
and  swollen,  and  assume  a  , 
gelatinous  or  mucilaginous 
character  (Fig.  64).  'Tela 
contexta '  is  a  tissue  in  which  the  simple  or  branched  elon- 
gated thread-like  cells  are  not  regularly  united  to  one 
another,  as  is  the  case  in  the  kinds  of  tissues  previously 
described.  The  separate  cells  are  in  this  case  arranged 
in  threads  which  do  not  nin  parallel  to  one  another,  but 
cross  irregularly,  forming  a  tissue  the  separate  cells  ot 
which  are  not  unfrequently  grown  or  cemented  together 
in  an  intimate  manner  and  in  a  variety  of  ways.  This  occurs 
in  Fungi,  Lichens,  :ind  some  Algse  (Fig,  65, -f.  t^.    ?>(«&&- 
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times,  especially  in  the  pileus  of  certain  Fungi  particular 
cell-layers  of  a  *  tela  contexta '  form  an  apparently  regular 
parenchyma,  in  which  however  the  whole  course  of  de- 
velopment shows  that  we  have  here  distinct  but  contiguous 
filaments  of  cells  (/>.  filaments  of  distinct  cells  arranged  in 


Fig.  63.— Stellate  parenchyma  from  the  pith  of  the  rush,  yunctts  conglomer- 

atus  \  2  intercellular  space,  (x  250.) 

rows) ;  and  a  tissue  of  this  kind  has  therefore  been  called  a 
pseudo-parenchyma. 

Other  kinds  of  tissue,  distinguished  more  by  their  func- 
tions with  respect  to  the  life  of  the  yjlant  than  by  external 
characteristics,  are  those  termed  generating  tissue  and  healing 
tissue. 

With  respect  to  the  production  of  new  cells,  even  super- 
ficial observation  shows  that,  at  least  in  the  higher  plants,  as 
for  example  in  trees,  it  does  not  proceed  everywhere  uni- 
formly, but  is  confined  to  particular "  spots.  To  spots  of  this 
nature  the  terms  growing  pointy  cone  of  growth^  and  grow- 
ing or  formative  layer,  have  been  applied,  according  to 
their  degree  of  development.     Instances  of  growing  points 
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occur  in  the  apices  of  buds  ;  of  fonnative  layers  between 
the  wood  and  the  bark  of  [exogenous]  trees.  Both  owe 
their  special  character  to  the  formation  of  new  cells  or 
organs  by  means  of  a  special  tissue  to  which  the  names 


formative  or  generating  tissue  and  meristem  have  been  given. 
In  contrast  to  this,  a  tissue  in  which  the  cells  are  not  as  a 
rule  capable  of  dividing,  is  called  a  permanent  tissue,  and 
the  separate  cells  which  no  longer  serve  for  tlie  formation 
of  new  ceils,  permanent  cells. 

The  generating  tissue  of  the  growing  point  of  flowering 
plants  is  parenchymatous,  and  is  called  primary  paren- 
chyma QX  primary  meristem,  because  every  kind  of  cell  and 
every  part  of  the  plane  may  or  actually  does  develope, 
directly  or  indirectly,  from  it.  Independently  of  growth  by 
the  actual  increase  in  size  of  the  individual  cells,  the  ^'^v;a\ 
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growth  of  plants  depends  mainly  on  the  constant  fresh  forma- 
tion of  this  tissue. 

The  increase  of  thickness  in  plants,  on  the  contrary. 


occurs  especially  in  those  parts  where  there  are  permanent 
structures  which  increase  in  diameter  during  the  whole 
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period  of  their  existence,  chiefly  or  even  exclusively  from 
the  formation  of  a  special  generating  tissue,  the  cambium. 
The  cambium  is  usually  a  prosenchymatous  tissue,  not 
found  in  the  growing  point,  but  distributed  elsewhere  in 
very  various  parts  of  the  plant.  To  it  is  due  the  final  deve- 
lopment of  the  fibro vascular  bundles,  which  however  originate 
in  its  forerunner,  the  procambium.  The  cambium  forms, 
according  to  circumstances,  a  central  cambium-cylinder, 
or  isolated  dispersed  cambium-bundles,  or  a  cambium- 
ring.  A  thickening-ring  of  this  character  occurs,  for 
example,  in  the  layer  formed  between  the  wood  and  the  bark 
of  those  trees  which  are  characterised  by  the  formation  of 
annual  rings.  In  the  most  lowly  organised  plants,  the  Fungi, 
Lichens,  and  Algae,  both  kinds  of  generating  tissue  are 
wanting,  and  every  one  of  the  cells  has  an  equal  capacity  for 
originating  new  vegetative  cells,  Le,  such  as  serve  only  for 
growth  and  not  for  reproduction.  Although  the  production 
of  new  cells  is  the  special  province  of  the  specific  generating 
tissues  now  described,  this  does  not  imply  that  the  elements 
of  other  tissues  are  entirely  destitute  of  this  power ;  on  the 
contrary,  it  is  strikingly  manifested  in  the  annual  and  espe- 
cially in  succulent  parts  of  plants. 

In  direct  contrast  to  the  generating  tissues  are  the 
healing-tissues^  suberous  tissues,  or  cork -tissues.  The  former 
are  of  service  to  the  plant  by  their  long-continued  and  vigor- 
ous growth  and  the  formation  of  new  cells  ;  while  the  latter, 
dying  quickly,  lose  their  cell-sap ;  their  cell-walls  become  con- 
verted into  cork,  and  thus  form  a  mantle  or  envelope  which 
protects  the  subjacent  cells  from  injurious  influences  of  all 
kinds.  Two  kinds  of  this  tissue  are  distinguished — true  cork 
or  suber,  and  periderm  ;  the  two  are  not,  however,  sharply 
separated,  but  pass  into  one  another  in  a  variety  of  ways. 

True  cork  is  a  very  elastic  tissue  consisting  of  thin-walled, 
usually  nearly  cubical,  cells  (Fig.  66).  It  does  not  peel  off, 
but  often  contains  long  clefts,  as  is  commonly  seen  in  the 
bark  of  the  maple. 
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Periderm  consists  of  tabular  cells  with  thicker  walls, 
which,  when  looked  at  vertically,  have  a  regular  polygonal  or 
stellate  appearance.     It  has  in  general  more  vital  power,  and 


Fig.  66. — Transverse  section  through  the  bark  of  the  juniper :  b  b  bast-cells'; 
ftt  m  medullary  rays  ;  k  layer  of  cork  formed  of  thin- walled  cells  parallel 
to  the  circumference  of  the  stem,  (x  370.) 

is  firmer,  less  elastic,  and  more  leathery  than  true  cork. 
When  it  is  several  layers  in  thickness,  thick  and  thin- 
walled  layers  often  alternate  (Fig.  67),  causing  frequentiy  a 
peeling  off,  as  in  the  birch  and  cherry ;  in  the  beech  and 
silver  fir,  on  the  contrary,  the  periderm  does  not  peel  off. 

Cork  is  the  true  healing-tissue  of  plants,  and  as  such  is  of  great 
importance.  In  the  fresh  surfaces  of  wounds,  the  uppermost  layers  of 
cells  as  a  rule  dry  up,  while  in  the  tissue  beneath  them,  still  full  of  sap, 
new  cells  are  formed  which  are  the  origin  of  the  cork.  A  very  good 
example  of  the  importance  of  this  prodtiction  of  cork  is  afforded  by  the 
cochineal -cactus.  This  plant  is  multiplied  by  cuttings,  which  would 
decay  at  once  if  they  were  set  in  the  ground  with  the  surfaces  of  the 
wound  fresh.  The  shoots  which  are  intended  as  cuttings  are  therefore 
first  laid  for  about  four  weeks  in  a  dry  place  exposed  to  the  sun,  in 
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order  that  a  cork-tissue  may  be  fonned,  which  cloiies  the  vround  and 
prevents  the  decay  of  the  culting. 

Lai^er  wounds,  as,  for  instance,  when  branches  are  cul  off,  are  often 
closed  by  the  foimation  of  elevated  cushion-shaped  masses  of  cells,  not 
consisting  entirely  of  cork-tissue,  which  are  fresh  formed  over  the  whole 
surface  of  the  wound.  Such  a  tissue  is  called  an  overgrowth,  and  is 
seen  especially  in  the  beech,  silver  fir,  and  lime  (Fig.  68).    Of  a  similar 


nature  is  the  callus,  to  which  we  shall  recur  when  speaking  of  repro- 
duction by  means  of  cuttings- 
Smaller  developments  of  cork  at  particular  points  of  the 
surface,  which  assume  characteristic  forms  according  to  the 
species,  are  termed  lentkels.  They  appear  in  young  branches 
before  the  formation  of  periderm,  and  occur  in  the  birch, 
beech,  elder,  ic. 
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The  special  characteristic  of  cell-fusions  consists  in  the 
cells  of  which  they  are  composed  uniting  completely  by 
coalescence  into  a  uniform  whole  of  a  higher  type.  Unions 
of  this  kind  are  usually  accompanied  by  the  transformation 
and  absorption  of  at  least  a  portion  of  the  surfaces  of  con- 
tact. Fusions  of  a  less  complete  kind  have  already  been 
described  in  the  coalescence  of  the  contiguous  cells  of  *  tela 
contexta ; '  unions  of  a  more  perfect  description  occur  in 
conjugation  and  the  formation  of  vessels. 

The  process  of  conjugation,  to  which  reference  has 
already  been  made,  begins  with  the  lateral  coalescence  of 
two  contiguous  cells,  and  the  formation  of  an  opening  at  the 
point  of  contact ;  -finally  the  contents  of  the  two  cells 
coalesce  in  the  production  of  a  spore  (Fig.  54,  p.  32).  This 
prqcess  has  hitherto  been  observed  only  among  Fungi  and 
Algae,  and  especially  in  the  family  of  Conjugatae  belonging 
to  the  latter. 

Vessels  arise  from  the  coalescence  of  several  cells,  which 
are  then  termed  vascular  cells  \  the  division-walls  partially 
disappearing  while  the  union  continues  at  the  margin. 
Vessels  are  divided,  according  to  their  form  and  contents, 
into  vessels  in  the  true  sense  of  the  word,  bast-tubes  or 
bast-fibres,  sieve-tubes  or  bast-vessels,  utricular  vessels,  and 
laticiferous  vessels. 

If  a  number  of  spiral  cells  are  imagined  placed  one  over 
another  and  coalescing  from  the  more  or  less  complete  ab- 
sorption of  the  partition-walls,  a  spiral  vessel  is  produced. 
Vessels  are  formed  in  a  precisely  similar  manner,  from  several 
of  the  kinds  of  cells  previously  described  ;  and  we  thus  get 
annular  vessels,  reticulate  vessels,  scalariform  vessels  (Fig.  69), 
and  pitted  or  dotted  vessels  (Fig.  70). 

The  individual  vascular  cells  sometimes  stand  vertically  one  over  an- 
other, and  coalesce  by  their  horizontal  faces ;  sometimes  they  are  in  con- 
tact laterally,  and  with  faces  that  stand  obliquely.  The  partition-walls 
do  not  always  entirely  disappear  ;  but  often,  especially  when  they  stand 
obliquely,  portions  remain  which  are  more  strongly  thickened  and  of  a 
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reticulate  or  scalariform  character  (Fig.  69,  s  s).  True  vessels  usually 
become  lignified,  but  are  never  branched,  or  at  all  events  extremely 
rarely.  In  the  mature  state  they  contain  nothing  but  air ;  but 
occasionally  in  the  spring  a  portion  of  the  sap  sucked  up  by  the  roots  is 
pressed  into  these  air-containing  vessels,  a  process  on  which  depends, 
for  example,  the  *  weeping '  of  wounded  grape-vines.  In  many  Vascular 
Ciypt ogams,  Gymnos perms,  and  Monocotyledons,  as  well  as  in  a  few 
Dicotyledons,  rows  of  vascular  cells  are  found  in  places  where,  from 
the  analogy  of  other  plants,  one  would  expect  to  find  vessels,  the 
partition-walls  not  having  become  absorbed.  Such  structures  compose 
what  is  called  a  conducting  tissue  ;  and  the  separate  cells  are  not  called 
vascular  but  conducting  cells. 

BcLst-tubes  or  bctst-fibres  are  long  pointed  tubes— not 
cells,  because  their  elements  have  completely  coalesced — 
usually  thick-walled,  rarely  branched.  They  are  not  often 
in  direct  communication  with  one  another,  and  then  always 
only  by  lateral  branches.  They  are  commonly  united  into 
bundles,  and  as  such  form  an  essential  part  of  many  fibro- 
utricular  bundles  (see  Chap.  VI.). 

While  in  vessels  the  separate  vascular  cells  of  which  they  are  com- 
posed can  still  be  made  out  with  tolerable  ease,  this  is  by  no  means  the 
case  in  bast-tubes  ;  on  which  account  opinion  was  long  divided  among 
botanists,  whether  bast-tubes — the  development  of  which  is  generally 
extremely  difficult  to  observe— are  formed  by  the  coalescence  of  cells, 
or  by  a  single  cell  increasing  from  20  to  50  times  its  original  length.  The 
simple  consideration,  however,  that  if  the  growth  of  bast -tubes  were 
of  the  latter  nature,  it  must  be  accompanied  by  an  increase  in  thickness 
of  the  entire  bundle  of  which  it  formed  a  part,  which  is  not  actually  the 
case,  shows  that  they  can  arise  only  by  the  coalescence  of  cells. 

A  close  relationship  subsists  between  sieve-tubes, 
utricular  vessels,  and  laticiferous  vessels,  partly  on  account 
of  their  form,  partly  of  their  contents  ;  all  appearing  to 
have  for  their  function  the  storing  up  of  nutrient  fluids, 
and  the  conducting  of  them  to  the  parts  of  the  plant  where 
they  are  required. 

Siei'e-ttibes  or  bast-vessels  result  from  the  coalescence  of 
cells  standing  one  over  another,  the  partition -walls  of  which, 
oxsiet^e-discsy  have  become  perforated  in  the  manner  of  a  sieve ; 
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and  some  have  also  sieve-like  perforations  through  their 
side>walls  (Figs.  71-74).     Of  similar  construction  axe /at- 
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ticed  edh,  the  partition- walls  of  which  are  not  actually  per- 
forated, but  only  thickened  in  a  sieve-like  manner.  Both 
contain  as  a  rule  a  lurbid  granular  sap  are  mosilv  associaied 


nilar  veaci  with  laph-        Fig.    ?«.  —  LaticUe 


in  bundles,  and  take  part  in  the  formation  of  the  fibro- 
/ascular  bundle  as  »ift  bast. 

Utricular  wssels  are  distinguished  from  sieve-tubes  by 
their  contents  and  situation.  The  contents  are  clear  or 
milky,  but  always  include  bundles  of  acicular  crystals 
(raphides).      Their  cells,  which  are  moderately  thin-walled, 
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(P'g*  75)1  t"it  otherwise  of  very  various  structure,  are  in 
contact  by  their  ends,  which  are  either  broad  or  narrow,  and 
often  form  great  systems  of  tubes,  which  are  never  associated 
into  bundles,  but  run  separately  and  usually  in  a  parallel 
direction.  They  occur  only  in  the  outer  cortex  and  in  the 
foliar  organs  in  most  Monocotyledons  and  in  some  Dicoty- 
ledons. 

Latkiferous  vessels  are  simple  or  branched  tubes,  fre- 
quently anastomosing,  or  united  into  a  more  or  less  close 
network    (Figs.    76,    77),     They  always  contain  a  fluid 


peculiar  to  the  plant,  which  is  often  coloured  and  frequently 
of  a  milky  appearance,  and  is  called  latex.  They  occur  in 
only  a  comparatively  small  number  of  plants,  usually  in 
the  cortex  between  the  bast-bundles  and  the  wood,  but 
sometimes  also  in  the  outer  cortex,  the  pith,  and  the  wood. 
They  accompany  the  fibrovascular  bundles  into  the  leaves. 
Nearly  related  to  them  are  the  hticiferous  cells,  long 
branched  simple  cells,  such  as  occur  in  the  Euphotbiacese, 
Moraceje,  Asclepiadese,  Aconiium,  Sic.  The  latex  of  difl"erenl 
plants  contains  a  great  variety  of  subslaivtes  ■-  ^■OTft,i«swi, 
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albumen,  opium  (in  Papaver  somni/erum),  caoutchouc  (in 
Siphonia  dasticGy  Isonandra  gutta^  and  species  of  Picus\  bone- 
shaped  grains  of  starch  (in  tropical  species  of  Euphorbia)^  &c. 
The  laticiferous  are  often  distinguished  from  the  utricular 
vessels  only  by  the  absence  of  raphides.  Transitional  forms 
between  sieve-tubes  and  laticiferous  vessels  occur  apparently 
in  the  elder  and  in  Aceraceae. 

It  has  not  yet  been  certainly  determined  whether  the  latex  is  a 
product  of  excretion  or  a  reserve  material.  The  laticiferous  vessels 
and  the  true  vessels  together  have  been  compared  to  the  venous  and 
arterial  blood-vessels  of  animals  ;  but  since  a  direct  connection  between 
them  has  not  been  proved,  and  the  mature  vessels  are  normally  filled 
with  air,  this  comparison  cannot  be  maintained. 

Closely  connected  with  the  laticiferous  vessels  are 
certain  groups  of  cells,  to  which  belong  the  formation  and 
secretion  of  particular  substances,  and  which  have  been 
included  under  the  indefinite  term  receptacles  for  sap.  In 
examining  them,  the  chief  point  to  notice  is  whether  the 
cells  themselves  contain  the  secretion  formed  in  them,  or 
whether  it  has  been  transferred  into  the  nearest  intercellular 
spaces.  It  is  not  always  possible,  however,  to  draw  a  sharp 
line  of  demarcation  between  these  two  conditions,  which 
may  both  occur  together. 

Single  cells  of  this  nature,  or  smaller  groups  of  cells, 
are  called  glands^  while  the  larger  sap-receptacles  which 
extend  to  a  greater  length  through  the  parenchyma  are 
itim^d,  passages.  These  latter  never  possess  a  true  cell- wall, 
and  are  not  produced  by  a  dehquescence  of  cell-walls,  but 
by  masses  of  tissue  becoming  separated  from  one  another, 
and  thus  forming  a  cavity  between  their  cells;  and  are  there- 
fore true  intercellular  spaces.  Whether  this  is  a  result  of 
vital  processes,  or  of  pressure  exercised  by  the  separated 
masses  on  those  in  their  vicinity,  is  not  yet  determined. 

According  to  the  nature  of  the.  substance  secreted,  these 
spaces  are  distinguished  into  oil-passages^  as  in  Umbelliferse 
and  Comppsitae ;  resin-passages^  as  in  Coniferse  (Figs.  78,  79) ; 
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gum-passages,  as  in  Cactacese,  Cycadcfe,  Amygdalese,  &c.;  oil- 
Slattds,m  the  leaves  oi Hyper ieum perforatum,  species  of  Citrus, 


Fig.  78. — Mode  of  fbrmi 


Src. ;  campkor-ghfids ;  and  resin-glan^  (Fig.  &o).    The  term 
lioney-gkuds  or  iu:taries,  tiiialiy,  is  given  10  axv'j  ■^xv  cA.  a- 
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flower,  whatever  its  structure  [or  moqiholopcal  nature] 
which  is  formed  for  the  secretion  of  honey  or  a  saccharine 
fluiH. 


All  these  separations  of  masses  of  tissue  are  essentially  different 
from  the  transrormations  f£  the  cell-wall  previously  described  ;  although 
it  happens  often  enough  wilb 
processes  of  secretion  that  cell- 
walls  are  ruptured  liy  the  pres- 
sure of  the  substance*  stored 
up  in  them,  and  are  carried 
away  along  with  the  waste 
products  (see  p.  13). 

In  this  connection 
should  be  mentioned  aiso 
™-t°!^'^rt«ide™LT«iu'-  certain  structures  which 
lyerof  coricicoiienchyms-  are  possibly  of  coHsider- 
;e  Kcreied  ihc  Eoiid  ruin  r.  able  importance  for  the 
life  of  tlie  plant,  but  which 
have  as  yet  been  but  little  studied,  the  overgrowths  of  aw jt 
on  the  surface.    These  occur  especially  as  a  delicate  bloom. 
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as  for  example  on  the  plum,  and  are  sometimes  dense  agglo- 
merations of  rods  or  needles,  as  on  the  leaf  of  the  rye,  some- 
times simple  coatings  of  granules,  as  on  the  *  frosted '  leaves 
of  many  lilies  ;  sometimes  as  coatings  of  rods  which  stand 
vertically  on  the  surface  of  the  cuticle,  as  on  the  leaves  of 
the  banana ;  or  finally  as  incrustations,  as  in  Opunt'ia, 


CHAPTER   III. 

THE   CONSTRUCTION   OF   THE   PLANT   OUT   OF   CELLS. 

All  plants  consist  entirely  of  cells  and  of  the  products  ot 
the  formation  and  transformation  of  cells,  which  are  hence 
called  the  elementary  organs  of  the  plant. 
Only  a  few  plants  belonging  to  the  class 
of  Algse  (Fig.  8i)  [and  Fungi]  are  unicel- 
lular ;  by  far  the  larger  number  consist  of 
many,  and  most  of  an  innumerable  number 
of  cells,  which  take  part  in  the  construc- 
tion of  the  plant.  In  the  simplest  multi- 
cellular plants  the  cells  are  arranged  in 
filaments,  />.,  in  simple  rows  one  above 
another,  as  in  the  filamentous  Algse  and 
many  Fungi  (see  Fig.  i,  p.  7).  Those  are 
more  highly  organised  which  consist  of 
plates  of  cells  arranged  in  a  single  layer,  as 
occurs  also  in  certain  Algse,  e.g,  the  Ulvacese  (Fig.  82).  But 
by  far  the  most  common  structure  is  for  the  plant  to  be 
composed  of  masses  of  cells  radiating  from  one  another  in 
all  directions.  The  course  of  development  of  this  mass  of 
cells'exhibits  the  following  variations  in  the  different  sections 
of  the  vegetable  kingdom. 

In  the  higher  flowerless  plants  the  mother-cell  of  an  em- 
bryo or  shoot  breaks  up  into  several  cells  of  unequal  value. 
The  cell  which  remains  at  the  apex,  or  apical  cclLxcsa^^  \i^ 


Fkj.  81.  —A    unicellu 
lar  Alga.  Botrydiunt 
VVallrnthii.  (See  also 
Fig.  380,  p.  247.) 
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described  as  the  '  primogenita ; '  all  the  functions  of  the 
mother-cell  are  transferred  to  it;  it  grows  to  be  like  its 
parent  in  every  respect ;  and  the  same  process  of  division 
is  then  repeated  in  it  The  building  up  of  the  mass  of  cells 
of  which  the  plant  consists  results  from  the  divdsion  in  all 
directions  of  the  remaining  daughter-cells  (Fig.  83,  1). 

In  flowering  plants — at  least  in   Monocotyledons  and 
Dicotyledons  (Fig.  83, 11) — the  mode  of  development  is  dif-   . 


derived  from  ihe  H|qcal  celJt  t.g. 


ferent  The  mother-eel!  of  the  embryo  here,  breaks  up  al 
once  into  a  great  number  of  equivalent  cells,  which  again 
divide  into  variousgroupsof  cells,  each  one  of  these  assisting 
in  building  up  the  structure  of  the  plant,  playing  the  same  part 
throughout  in  the  entire  course  of  vegetative  development, 
and  carrying  on  its  functions  independently  of  the  others. 
The  order  of  succession  in  the  formation  of  the  various 
groups  of  cells  is  as  follows  : — The  first  independent  tissue 
formed  is  the  epidermal  tissue  or  dermatogen.  The  layers 
of  cells  lying  immediately  beneath  then  begin  to  develope  in 
a  peculiar  manner  as  cortical  tissue  or  periblem,  the  paren- 
chymatous or  primary  cortex  being  formed  from  them.   This 
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tissue  finally  encloses  the  plerome  or  intermediate  tissue, 
situated  not  very  deep  down  and  laterally  from  the  apex, 
which'  breaks  up  into  the  procambium  and  the  fundammial 
tissue.  The  procambium  is  formed  in  many  plants  from  the 
entire  outer  zone  of  the  plerome,  while  in  others  it  consists 
of  only  a  few  groups  of 
its  cells ;  from  the  fun- 
damental tissue  it  is 
further  distinguished  by 
the  arrangement  and  the 
form  of  its  cells,  which 
are  prosenchymatous, 
while  those  of  the  funda- 
mental tissue  remain 
parenchymatous. 

The  contrast  between 
the  epidermal  tissue  and 


^j  -_-    „-, Jcction  (pflTtly  dla- 

^  kiiinutic)1hroiighlheycningciDbTyoDf  (he 
sbepberd'i  purse ;  h  cpidermaL  tissue  (der- 


(x6ta.> 


the  subjacent  masses  of  tissue  is  the  more  evident  the  greater 
the  exposure  of  the  part  of  the  plant  to  air  and  light,  and  is  also 
usuallymore  conspicuous  in  the  permanent  parts  than  in  those 
which  are  more  fugitive.  In  the  lowest  plants,  Algce,  Fungi, 
and  Lichens,  and  even  in  the  stem  of  Hepaticas,  the  epidermal 
structure  consists  only  in  the  outer  layers  of  cells  having 
thicker  and  firmer  cell-walls  and  smaller  caviuci  "Ocvotv  ■&!& 
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rest.  In  some  Mosses  and  in  all  the  more  highly  organised 
plants  at  least  one  layer  of  cells  specially  defined  and  de- 
veloped, the  epidermis,  exercises  special  functions.  In  true 
roots,  and  in  many  root-like  underground  stems,  as  well  as 
in  many  plants  which  grow  submerged  in  water,  it  is  less 
differentiated  from  the  subjacent  tissue  than  is  the  case  in 
most  stems  and  in  leaves. 

The  outer  side  of  the  outermost  layer  of  epidermal  cells  is  gradually 
transformed  into  the  so-called  cuticle  (see  Fig.  21,'  p.  16),  a  thin 
structureless  membrane,  but  little  sensitive  to  external  and  even  to 
chemical  agencies,  insoluble,  for  example,  in  concentrated  sulphuric 
acid  or  in  potash.  The  cells  of  the  epidermis  usually  contain  clear  or 
coloured  fluids,  occasionally  crystals,  rarely  chlorophyll.  Their  form  is 
very  various,  but  usually  tabular  or  conical,  or  sometimes  even 
papillfleform,  i.e.  projecting  on  the  outside  in  the  form  of  knobs  or 
bladders.  The  peculiar  appearance  of  many  structures,  such  as  the 
velvety  gloss  of  petals,  is  due  to  papillae  of  this  nature  (Fig.  84).  In 
many  cases  there  lie  beneath  the  epidermis  peculiar  layers  or  strings  of 
cells  (the  hypoderma\  which  are  perhaps  best  included  in  the  epidermal 
tissue.  They  consist  either  of  thick -walled  prosenchymatous  bundles 
which  contribute  to  the  greater  firmness  and  elasticity  of  the  epidermis, 
as  in  the  aerial  portion  of  the  stem  of  Equiseta,  and  the  acicular  leaves 
o{  Plnus  pinaster^  or  of  coUenchymatous  tissue  which  tends  to  increase 
the  difference  of  tension  between  the  epidermal  and  the  subjacent 
tissues  (see  Chap.  V.).  In  plants  with  a  long  term  of  life,  arid  which 
increase  greatly  in  girth,  cork  is  subsequently  formed  in  the  epidermal 
cells  themselves  or  the  subjacent  layers  of  tissue,  replacing  the  tme 
epidermis,  which  has  generally  in  the  meantime  perished. 

The  true  epidermis  consists,  when  young,  of  similar  cells 
which  are  everywhere  closely  contiguous.  In  the  course  of 
growth  some  of  these  separate  from  one  another,  the  deri- 
vative cells  that  result  from  one  or  more  divisions  lea\'ing  a 
crevice  or  pore  between  them  which  is  called  a  stoma  (Fig. 
85).  These  are  always^  enclosed  by  two  or  four  cells,  the 
gimrd-cellSy  which  are  crescent- shaped,  and  also  smaller  and 
with   thinner  walls  than  the  rest  of  the  cells  of  the  epi- 

*  Exceptions,  however,  occur  in  the  case  of  the  Marchantleae  and 
Rhizocarpeze. 


.  Sy— 1.  Hnrinmlal  Kclion  throueh  the  cpidamu  of  Ihe  uuilir-iide  of  tbc  leaf  of 
Eitottjfmtta Jaftm'tust  Looked  atftom  below:  tfaoaaXA  (x  3^);  II.  Cwirv  ol 

ready  for  divirion  ;  tp;  if",  if"  tw«ssive  lUgct  I'l  divinLuo  ;  III.  Muure 
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dermis,  and  are  in  addition  distinguished  from  them  by 
containing  chlurophyll.  This  last  circumstance  gave  rise  to 
the  earlier  view  tliat  these  cells  belong  to  the  subjacent 
parenchyma  of  the   leaf   rather    than  to  the    epidermis 


..Er-sideof  (heltarof  Ai/r/'AA*inn  vuleart 
^  parenchyma  of  thp  leaf ;  t  air-cavky,  (x  40&) 

itself.    The  stomata  are  sometimes  found  at  the  bottom  of 

a    funnel-shaped  depression,  sometimes  on   a  level  with 

the  epidermal  cells  ;  while  sometimes  (Fig.  86)  they  are 

■  even    elevated  to  a  higher  level.     They  establish   a  con- 
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nection  between  the  intercellular  spaces  in  the  interior  filled 
with  air  and  the  atmosphere.  The  interchange  of  gases 
which  is  thus  brought  about  is  regulated  by  the  guard-cells 
being  sometimes  more  and  sometimes  less  close  together,  so 
that  the  pore  may  be  occasionally  closed. 

Stomata  are  found  in  all  the  higher  plants,  from  the 
Hepaticae  upwards.  They  usually  occur  in  the  green  parts, 
more  rarely  in  the  coloured  petals  (as  in  the  hyacinth, 
crown  imperial,  &c.),  [in  the  coloured  bract  or  spathe  of 
Richardia\  and  in  fruits  and  seeds  (as  the  tulip).  They  are 
wanting  in  those  leaves  which  grow  submerged  in  water ;  and 
in  floating  leaves  occur  only  on  the  upper  surface.  In  most 
Monocotyledons  both  surfaces  of  the  leaf  are  provided  with 
stomata,  while  in  Dicotyledons  they  are  generally  almost  or 
altogether  absent  from  the  upper  surface.  No  general  rule 
can  be  given  for  their  number  nor  for  their  arrangement, 
which  possesses  a  definite  character  only  in  a  few  groups  of 
plants,  as  e.g,  the  Equisetaceae  ;  in  Coniferse  and  Grasses  the 
arrangement  is  invariably  linear ;  in  the  Begonias  they  are 
arranged  in  groups,  &c.  By  far  the  most  common  size  of 
the  stomata  ranges  between  0*0002  and  0*0008  mm. ;  but 
it  may  vary,  as  far  as  observations  have  yet  been  made, 
between  0*00459  (in  Amaryllis  formosissima),  and  0*0001 1 
(in  Amaranihus  caudatus). 

Hair-like  bodies  or  irichomes^  are  unquestionably  epider- 
mal structures,  and  may  be  found  even  on  the  youngest 
parts  of  the  stem,  leaves,  and  roots.  Under  this  category 
are  included  hairs,  bristles,  stinging  hairs,  prickles,  scales, 
glands,  and  glandular  hairs.  Whether  the  leaf  like  *  palese  ' 
of  Ferns  belong  to  this  class,  or  should  rather  be  regarded  as 
leaves,  is  still  doubtful.  Hairs  arise  by  an  elongation  of 
particular  epidermal  cells  (Figs.  87,  89) ;  and  if  attached  to 
a  root  are  called  root-hairs.  They  are  either  simple  or 
branched,  and  consist  of  one  or  several  cells.      Bristles 

» 

^  See  aI$o  the  next  chapver» 
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result  from  the  walls  of  hairs  becoming  thicker  and  woody, 
i.e.  by  the  deposition  of  lignin.  Hairs  are  not  often  found 
in  the  interior  of  plants,  but  occur  in  the  air-passages  of 
Nymphseacese.  Siinging-fiairs  are  such  as  secrete  an  acrid 
irritating  fluid  which  escapes  when  they  are  injured  l  they 
often  stand,  as  in  the  stinging- net  tie,  on  a  cushion-like 
base  (Fig.  88).  Prickles  (Fig.  90)  consist  of  a  great  number 
of  thick- walled  woody  cells.     Seales  [or  peltate  hairs]  exhibit 


XOUr 


the  leaf  of  EU- 


"■f."  r. 


a  great  complication  of  structure,  consisting  of  an  elongated 
epidermal  cell,  the  pedicel-cell,  which  bears  at  its  apex  a 
number  of  cells  expanded  into  theformof  a  shield  (Fig.  gr). 
Glands  consist  of  a  number  of  cells  puffed  out  like  bladders, 
in  which  special  fluids  of  various  kinds  are  secreted.  Thus, 
for  example,  the  leafbuds  are  often  rendered  viscid  by  a 
gummy  substance,  or  one  composed  of  a  mixture  of  muci- 
lage and  drops  of  balsam,  the  first  resulting  generally  from 
the  conversion  into  mucilage  of  an  epidermal  layer  lying 
beneath  the  cuticle,  as  in  the  violet,  horse-chestnut,  and 
plum.    (See  Fig.  80,  p.  54.)    If  glands  are  elongated  vq-VQ 
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the  form  of  a  hair,  or  borne  on  the  apex  of  pedicel-cells,  they 
are  caW^d  glandular  hairs  (Fig.  92). 

The  primary  cortex  which  developes  out  of  the  periblem 
consists  commonly  of  thin-walled  succulent  parenchyma 
containing  starch  or  chlorophyll ;  other  forms  of  cells,  how- 
ever, as  laticiferous  and  utricular  vessels  and  glands,  as  well  as 
intercellular  passages  containing  sap,  may  also  occur  in  it. 
In  some  plants  masses  of  cork  are  found  deeply  buried  in  the 
cortical  tissue,  or  even  beneath  it,  the  outer  parts  then  dying, 
and  falling  off  in  the  form  of  bark,  as  occurs  in  the  grape- 
vine and  plane  (see  Figs.  66,  67,  pp.  44,  45). 

Every  mass  of  procambium  consists,  in  its  earliest  stage, 
of  similar  thin-walled  usually  prosenchymatous  cells,  united 
together  without  any  intercellular  spaces.  As  the  mass  in- 
creases in  age,/ some  of  the  rows  of  cells  become  transformed 
into  vascular  or  bast-cells,  and  from  these  as  centres  the 
transformation  advances  of  the  procambium-cells  into  per- 
manent cells.  Groups  are  thus  formed  of  particular  kinds 
of  cells  which,  united  into  strings  or  bundles,  penetrate  the 
rest  of  the  tissue,  and  as  a  rule  constitute  a  firm  framework, 
and  form  the  fibrovascular  bundles,  or  conducting  bundles. 
These  bundles  often  lie  isolated  in  the  fundamental  tissue 
of  the  plant,  as  for  instance  in  the  veins  of  the  leaves  ;  but 
they  are  generally  so  crowded  and  so  strongly  developed  by  the 
continual  formation  of  the  tissue  of  which  they  are  composed, 
that  they  finally  almost  entirely  replace  the  intermediate 
fundamental  tissue,  and  form  almost  the  whole  of  the  sub- 
stance of  the  plant,  as  is  the  case  in  the  wood  of  Dicotyle- 
dons and  Conifers.  The  transformation  of  the  procambial 
cells  into  permanent  cells  either  continues  until  they  are  all 
so  changed,  or  an  inner  layer  of  the  procambium  remains  as 
the  formative  cambium.  As  they  become  older,  therefore, 
the  fibrovascular  bundles  either  contain  cambium  or  are 
destitute  of  it  5  the  former  being  called  open^  the  latter 
dosed  bundles.  In  the  open  bundles  the  cambium  is  con- 
tinually forming  new  layers  of  permanent  cells,  and  the  part 
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of  the  stem  or  root  is  thus  constantly  increasing  in  thickness, 
as  is  the  case  in  most  woody  Dicotyledons  and  Conifers. 
Closed  bundles,  on  the  contrary,  such  as  are  found  in  Cr>'p- 


nicted  vessels:  Ttp  bast- parenchyma :  Bf  bsii-vrssels  or  sieve-tubes;  if  tuit- 
fibnn.(>i  360.) 


togams,  Monocotyledons,  and  a  few  Dicotyledons,  can  no 
longer  increase  in  thickness.  The  various  forms  of  tissue 
in  a  mature  hbrovascular  bimdle  may  be  divided  \ia,<&  \:«<^ 
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groups,  a  woody  portion  or  xylem,  and  a  less  solid  portion,  the 
bast  OT phloem  (Fig.  93).  The  xylem  is  composed  of  paren- 
chymatous cells,  wood-fibres,  vascular  cells,  and  true  vessels, 
the  walls  of  these  various  elements  being  generally 
thickened  and  lignified.  The  phloem,  on  the  other  hand, 
consists  of  succulent  and  mostly  thin-walled  masses  of 
parenchyma  and  sieve-tubes,  in  addition  to  which  are 
usually  bast-fibres  massively  developed  and  strongly 
thickened.  Any  of  these  elements  of  the  xylem  and  phloem 
may,  however,  be  wanting. 

Narrow  thin-walled  elongated  succulent  cells,  often  fuund  in  con. 
nection  with  the  sieve-tubes,  but  whose  nature  is  not  yet  fully  under- 


stood, have  been  termed  cambiform  tissue  or  pennanent  cambium. 
Cambifoim  tissue,  latticed  cells,  and  sieve-tubes  form,  together  with 
thin-waUsd  ^lenchyme,   the  sojl  tost,  in  contrast  to  the  true  bast. 
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which  is  prosenoh)nnatous.  In  many  plants  a  ring  of  cells,  often  with 
strongly-thickened  and  lignified  walls,  the  bundle-sheath^  is  developed 
either  only  on  the  outside  of  the  bast,  or  round  the  entire  bundle,  or 
very  commonly  round  the  whole  mass  of  fibrovascular  bundles.  This  is 
especially  the  case  in  roots,  this  layer  of  cells  being  there  called  the 
root-sheath  or  colcorhiza.  The  separate  cells  of  this  organ  are  as  a  rule 
developed  in  a  very  characteristic  manner,  so  that  for  example,  the 
various  kinds  of  sarsaparilla  used  in  commerce  may  be  distinguished  by 
their  means  (Fig.  94). 

The  further  development  of  the  fibrovascular  bundles  is 
very  characteristic  of  the  different  classes  of  plants,  as  is 
also  the  arrangement  of  the  various  elements  in  a  transverse 
section  of  a  bundle.  Fungi,  Lichens,  Algae,  and  Characeae 
have  no  fibrovascular  bundles ;  and  in  Muscineae  they  are 
either  not  developed  at  all  or  only  in  a  rudimentary  man- 
ner. These  plants  are  therefore  comprised  under  the  desig- 
nation Cellular  Plants  or  Cellular  Cryptogams  ;  the  whole  of 
the  remainder  [Vascular  Cryptogams  and  Phanerogams] 
being  on  the  contrary  termed  Vascular  Plants, 

Tht  fundamental  tissue  very  commonly  consists  of  thin- 
walled  succulent  parenchyma  containing  starch ;  but  other 
forms  of  cells  may  also  enter  into  its  composition.  In  those 
plants  which  have  no  fibrovascular  bundles  the  whole  of  the 
interior  of  the  plant  maybe  regarded  as  fundamental  tissue. 
In  other  plants  it  fills  up  the  spaces  between  the  fibro- 
vascular bundles  and  within  the  primary  cortex.  Even  the 
primary  cortex,  which  must,  according  to  the  history  of 
development,  be  regarded  as  a  distinct  element,  is  often, 
in  consequence  of  its  similarity,  treated  as  belonging  to  the 
fundamental  tissue.  Where  the  fibrovascular  bundles  are 
closed  [Vascular  .Cryptogams  and  Endogens]  and  cannot 
therefore  increase  in  thickness,  this  tissue  is  generally  de- 
veloped to  the  greatest  extent  (Fig.  95,  1).  In  the  woody 
portions,  i.e,  the  stem  and  root,  of  Conifers  and  Dicotyledons, 
the  fibrovascular  bundles  of  which  are  open,  it  occupies  a 
less  considerable  portion  of  the  entire  structure.  In  the 
greater  number  of  such  stems  it  forms  a  cwto\   JitH, 
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which  is  connected  with  the  bark  by  more  or  less  largely 
developed  portions  of  cellular  tissue,  tbe  medullary  rays, 
(Fig.  95,  II.,  S').  Inbyfarthe 
greater  number  of  roots  the 
fibro vascular  bundles,  on  the 
contrary,  form  a  cylinder  des- 
titute of  pith  and  reaching  the 
centre,  so  that  the  fundamen- 
tal tissue  is  altogether  absent, 
or,  according  to  other  au- 
thorities, is  developed  only  as 
cortex. 


The  various  elemenis,  the  different  forms  of  cells,  tissues,  and  fibro- 
vascular  bundles,  are  always  arranged  in  each  species  in  a  thoroughly 
characteristic  manner ;  and  fiom  this,  as  well  aa  from  the  nature  of  the 
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elements  ihemselves  that  are  present,  it  is  very  oHeri  possible  to  recog- 
nise the  species  from  a  small  fragment  of  the  plant.  Only  in  com- 
paratively few  cases  are  the  plants  adapted  at  once 
for  microscopical  examination.  When  they  are  not 
so  adapted,  they  must  be  dissected  into  small  trans- 
parent pieces;  and  the  direction  in  which  the 
section  has  been  made  must  also  be  noted.  In 
order  to  examine,  for  example,  the  structure  of  a  I 
branch,  prepar^ions  must  be  made,  taken  from  it 
principally  in  the  following  three  ways  (Fig.  96)  : 
in  the  transverse  SKlian  a  btX.  right  angles  to  the 
axis  of  growth  mn,  the  longitudinal  section  cd  . 
through  the  axis,  and  the  tangential  section  ef 
parallel  to  it.  Sections  in  other  directions,  a$  the 
oblique  gh,  are  only  occasionally  needed.  In 
certain  cases  it  is  also  requisite,  in  older  to  make 
the  preparation  transparent  or  decompose  it  into 
its  separate  elements,  to  macerate  it,  especially 
when  it  is  desired  10  determine  the  form  and  con- 
nection of  the  individual  cells.  We  have  here  no 
space  to  enter  into  a  detailed  account  of  the  ap-  ■" 

plication  of  the  microscope  to  botanical  invesliga-  F'o-  96.— Diagram  n 
lion,  and  can  only  refer  (o  the  works  of  Dippel,  waionj  ai  >  H«t ""' 
Harting,  Nageli  and  Schwendener,  and  Schacht. 


CHAPTER    IV. 

THE  EXTERNAL   FORM   OF   PLANTS. 

In  the  plants  of  lowest  organisation,  Algse,  Fungi,  and  ■ 
Lichens,  the  contrast  which  is  so  manifest  in  those  more 
highly  developed  between  an  axis  (stem  and  root)  and  the 
lateral  organs  (leaves),  is  altogether  wanting.  With  reference 
to  this  point,  the  vegetable  kingdom  is  therefore  divided 
primarily  into  plants  without  an  axis  or  Thalhphytes,  and 
plants  with  an  axis  or  Cormophytes,  the  term  thalha  being 
applied  to  an  undifferentiated  foliar  structure. 

The  external  differentiation   of  the  parts  in    cormo- 
phytes can  be  very  well  seen  in  a  germinating  pea.     It  Xlwfc 


^o 
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leathery  skin  [or  testa]  is  stripped  from  a  pea  which  has 
been  soaked  in  water,  two  large  fleshy  masses  are  seen,  the 
cotyledons y  enclosing  a  small  cylindrical  body,  the  axis  (Figs. 
97,  98),  which  bears  two  minute  leaves  at  its  extremity ; 
the  cotyledons  and  axis  together  constituting  the  embryo. 
If  this  pea  had  been  planted  in  the  ground,  there  would 
have  been  formed  under  favourable  circumstances,  from  the 
growth  of  the  axis  of  the  embryo,  the  stem  directed  upwards 
and  the  root  directed  downwards.  WTien  the  seed  germinates 
(Fig.  99),  a  smaller  or  larger  number  of  lateral  organs,  the 
leaves  {c  //),  develope,  but  only  on  the  ascending  portion  of 


B'     . 


Fig.  97. — Pea,  with  its  testa  cut 
through ;  c  cotyledons ;  c  the 
plumule  enveloped  in  minute 
leaves  ;  r  radicle  ;  t  axis  of  the 
embryo  ;  i  outer,  e  inner  inte- 
gument ;  F  funiculus  :  p  part  of 
the  pericarp  (diagrammatic). 


Fig.  98. — Pea  split  open  and  with  the 
testa  removed;  f  small  cavity  in 
which  the  plumule  or  apex  of  the 
stem  lay  ;  tne  other  letters  as  in  Fig. 
97  (somewhat  magnified). 


the  axis,  not  on  the  root.  The  form  of  the  leaves  is  very 
various  according  to  their  function  in  the  life  of  the  plant ; 
certain  of  them  unite,  in  the  form  of  floral  leaves,  together 
with  the  stem,  to  produce  the  flower.  From  a  particular 
part  of  the  flower  is  developed  the  fruity  within  which  are 
produced  the  seeds  destined  for  the  reproduction  of  the 
species.  Epidermal  structures  (trichomes),  finally,  clothe  the 
surface  at  different  parts. 

If  the  history  of  development  of  an  embryo,  as  that  of 
the  pea,  is  examined  more  closely,  it  is  found  that  from  a 
uniformly  plastic  mass  of  similar  cells  the  root  is  developed 
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downwards,  and  the  stem-bud  upwards.  The  stem-bud,  or 
plumule,  is  divided  from  the  outset  into  stem  and  leaves. 
The  leaves  therefore  do  not  grow  on  a  stem  already 
formed ;  on  the  contrary,  they  constitute  from  the  first,  to- 
gether with  the  stem,  a  hemispherical  body  consisting  of 


primary  parenchyma,  which  then  becomes  lobed.  It  is 
therefore  impossible  to  draw  accurate  lines  of  demarcation 
between  the  three  main  organs  of  the  plant,  the  root,  sttm, 
and  leaf.     The  stem  is  distinguished  from  the  root  OTiVj  \i^ 
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bearing  leaves,  while  the  latter  does  not  Leaves  are 
lateral  [or  appendicular]  organs  which  do  not  possess  any 
capacity  of  development  of  their  own,  and  which  may  there- 
fore be  regarded  in  many  respects  as  appendages  attached 
to  the  entire  organism,  not  possessing  an  independent  life. 
It  follows  therefore  naturally  that  the  leaves  and  axis  are 
subject  to  different  laws  of  growth  :— the  axis  grows  at  its 
apex,  and  the  leaves  at  their  base  where  they  are  attached  to 
the  axis.  New  leaves  are  developed  only  at  the  extreme  end 
of  the  branch.  The  roots,  on  the  other  hand,  have  no 
power  of  forming  leaves,  because  the  outermost  cells  of 
their  growing  points  die  very  early,  and  then  cover  it  in 
the  form  of  a  cap  (Fig.  100,  vfh).  Beneath  this  root-cap, 
as  it  is  termed,  the  production  of  new  cells  continues ; 
while  the  cap  itself  acts  as  a  protecting  shield  to  the  root 
when  it  penetrates  into  the  hard  soil.  The  growth  in  length 
of  roots  ceases  therefore  so  near  their  apex  that  the  portion 
which  is  at  any  time  actually  increasing  in  length  is  usually 
only  a  few  millimetres  long. 

In  the  remainder  of  this  chapter  no  reference  will  be  made  to 
flowerless  plants,  but  only  to  flowering  plants  or  Phanerogams,  since  the 
morphology  of  the  former  is  so  closely  connected  with  their  classification 
that  it  will  be  better  spoken  of  under  that  head.  Much,  however,  that 
is  now  described  applies  equally  to  both  classes  [at  least  to  those 
Cryptogams  which  are  also  cormophytes],  especially  all  that  relates  to 
the  branching  of  the  axis,  the  buds,  phyllotaxis,  the  forms  of  leaves, 
secondary  organs,  &c. 

THE  ROOT. 

The  Root  is  that  part  of  the  plant  which,  usually  growing 
downwards,  fixes  it  into  the  ground,  and  absorbs  nutri- 
ment out  of  the  soil.  It  bears  at  its  apex  a  root-cap,  and 
never  developes  leaves. 

Some  plants  have  certain  characteristic  kinds  of  roots  which  do  not 
in  all  respects  answer  the  description  given  above.  Thus  clasping  roots^ 
as  those  of  the  ivy,  often  penetrate  laterally  into  trees,  rocks,  or  walls. 
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The  alrial  roots  o(  tropioA  Orchids,  Pandani  (and  Aroids)  depend  from 
the  stem  and  branches,  and  in  many  cases  never  reach  the  ground. 
tHe footing  primary  root  of  Trapa,  which  germinates  while  lying  on  (he 
ground,  at  first  ascends,  and  remains  in  that  direction.  The  aquatic  iiiolt 
offloaling  plants  like  Leinna  never  attempt  to  become  fixed  in  the 
ground  ;  or,  as  in  the  case  of  Cicutn,  assume  a  totally  different  appear- 
ance. The  'i/tuiioria'  of  parasitic  plants,  fmally,  penetrate  into  the 
stem  of  their  hosts,  and  feed  on  (heir  sap.  The  characters  which 
include  all  roots,  and  distinguish  them  from  stems,  are  the  absence  of 
leaves,  and  the  presence  of  a  root -cap  at  tbeir  extremity. 

By  'Ca^  primary  root  is  meant  that  which  is  formed  by 
the  downward  elongation  of  the  axis  of  the  embryo,  and  which 


is  therefore  in  a  line  with  the  stem.  It  is  called  a  tap-root 
(Fig.  loi)  when  it  is  thicker  than  the  branches  which  pro- 
ceed from  it ;  and  may  then  be  fusiform  or  spindle-shaped 
(Fig.  102),  napiform  or  turnip-shaped  (Fig.  103),  premorse, 
i.e.  suddenly  ending  with  a  blunt  point,  as  if  bitten  off,  as 
in  Plantago  major  [this  is,  however,  strictly  a  rhizome],  7?//- 
form  (Fig.  104),  or  cylindrical. 

Secondary  or  lateral  roots  are  those  which  spring  laterally 
from  the  stem  [or  from  the  primary  root],  as  the  clasping  roots 
of  ivy.    In  many  plants  in  which  the  primary  root  n 
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undeveloped,  and  dies  off  shortly  after  germination,  it  is  re- 
placed by  a  number  of  secondary  roots  developed  from  the 


lower  extremity  of  the  stem.    In  Grasses,  for  example,  these 
roots  are  filiform,  and  are  then  called  fibrous  roots  (Fig. 


105) ;  but  not  unfrequently  some  of  them  become  tuberous 
\t.e.  much  swollen  at  intervals,  or  in  the  middle] ;  and 
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they  are  then  called  fasdadated  {Y'\^.  106,  107).  All  roots 
are  more  or  less  branched,  and  are  often  clothed  with  ex- 
tremely delicate  root-hairs.  If  the  branches  of  the  root  run 
principally  near  the  surface  of  the  ground,  they  are  called 
creeping  roots.  With  reference  to  their  texture,  they  may  be 
divided  into  woody  and  fleshy.* 


THE  STEM. 

The  Stem,  in  its  various  forms — to  which  a  great  variety 
of  names  are  given  from  its  diverse  appearance,  though  in 
essential  points  always  the  same  organ — is  that  part  of  the 
plant  which  is  constructed  for  the  purpose  of  bearing  the 
leaves,  flowers,  and  fruits. 

In  ordinary  language  the  term  is  applied  to  those  parts 
of  the  plant  only  which  are  above  ground.  But  a  closer 
examination  shows  that  many  plants  possess  organs  which 
must,  in  accordance  with  their  function,  be  considered  stems, 
but  which  nevertheless  remain,  during  the  whole  of  their 
existence,  below  the  surface  of  the  ground ;  and  these  are 
called  underground  stems.     There  are  some  plants  which 

*  [Any  root  which  results  from  the  development  of  the  radicle  or 
lower  extremity  of  the  axis  of  the  embryo  is  a  normal  root ;  the  term 
adventitious  root  being  applied  to  those  of  any  other  origin,  i.e.  from  the 
stem,  either  below  or  above  ground.  Aerial  roots  are  usually  adven- 
titious, and  their  purpose  is  generally  to  absorb  moisture  from  the 
atmosphere.  The  aerial  roots,  however,  of  the  banyan,  Ficus  indica^  at 
length  reach  the  ground,  assume  the  character  of  trunks,  and  give  to  a 
single  tree  the  aspect  of  a  grove  ;  while  those  of  the  mangrove,  Rhizo- 
phora,  which  also  reach  the  ground,  are  true  normal  roots,  resulting 
from  the  germination  of  the  seed  while  the  fruit  is  still  attached  to  the 
tree.  The  roots  of  Monocotyledons  are  usually  adventitious,  the  radicle 
rarely  being  developed,  as  are  also  those  of  Cryptogams.  The  roots  of 
parasites,  which  derive  their  nourishment  from  the  living  tissue  of  their 
hosts,  may  be  normal  as  in  the  mistletoe,  Visaim  alburn^  or  adventitious 
as  in  the  dodder,  Cuscuta,  where  the  original  normal  root  which  strikes 
into  the  soil  dies  away,  and  the  plant  subsequently  attaches  itself  to 
its  host  by  *  haustoria. '  True  roots  do  occasionally,  but  very  rarely, 
produce  leaf-buds  (see  p.  82).  The  function  of  the  rcot-hairs  is  the 
absorption  of  liquid  nutriment  from  the  soil. — Ed.] 
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are  apparently  stemless  or  acaulescent^  with  radical  leaves 
only ;  but  this  results  from  the  stem  remaining  very  short 
and  undeveloped  in  proportion  to  the  root  and  leaves,  and 
being  therefore  overlooked.  Examples  occur  in  Plantago, 
the  turnip,  [primrose],  &c. 

Those  stems  which  spring,  on  germination,  directly  froiA 
the  axis  of  the  embryo  [/>.  from  its  upper  extremity  or //www/<?] 
are  called  primary  sterns^  and  their  ramifications  secondary 
or  lateral  stems,  or  branches.     The  position  of  the  branches 
on  the  primary  axis  determines  what  is  called  the  habit  of 
the  plant.     They  are  said  to  be  verticillaie  or  whorled  when 
several  spring  from  the  primary  stem  at  the  same  height,  as  in 
Equisetum  ;  opposite  [as  in  the  elder]  when  two  opposite 
branches  are  always  found  at  the  same  height ;  deaiscate 
when  each  opposite  pair  is  at  right  angles  to  those  imme- 
diately above  and  below  it,  as  in  the  lavender ;  dichotomous 
when  the  stem  repeatedly  divides  into  two  branches  of  equal 
thickness,  as  in  the  mistletoe  ;  scattered  when  the  arrange- 
ment of  the  branches  is  apparently  irregular.^     It  sometimes 
happens,  especially  in  the  inflorescence  of  rushes,  that  a 
lateral  branch  completely  takes  the  place  of  a  primary  axis 
the  development  of  which  has  been  suppressed,  and  con- 
tinues its  growth  in  nearly  the  same  direction ;  and  such  a 
branch,  which  therefore  consists  of  several  successive  se- 
condary axes,  is  a  sympodimn.     The  part  of  a  stem  which 
intervenes  between   two  leaves  is  an  internode^  [and   the 
part  from  which  a  leaf  springs  is  a  node\.     The  length  of 
life  of  the  stem  and  roots  may  be  only  a  single  year,  annual) 
two  years,  biennial  \  or  a  number  of  years,  perennial. 

The  most  completely  developed  form  of  the  aerial 
(above-ground)  stem,  the  woody  stem  or  trunks  is  the  cha- 
racteristic of  trees  and  shrubs.  If  the  lower  and  smaller 
part  of  the  stem  is  woody,  while  the  upper  and  larger  part 


*  This  will  be  further  explained  when  speaking  of  the  arrangement  of 
leaves  (p.  87). 
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dies  off  every  year,  as  in  Salvia  officinalis^  the  stem  \%suffru- 
ticose.  In  palms  and  some  other  trees  the  trunk  is  simple 
and  imbranched,  and  is  then  a  caudex;  when  the  stem 
remains  weak  and  does  not 
become  woody,  it  is  herbaceous, 
and  then  but  rarely,  as  in 
many  succulent  cacti,  is  per- 
ennial. The  scape  is  a  leaf- 
less stem  bearing  only  flowers, 
springing  from  a  flat  base,  or 
belonging  to  a  so-called  stem- 
less  plant ;  it  may  bear  only 
a  single  flower  as  in  the  tulip, 
or  several  as  in  the  lily-of-the- 
valley  (Fig.  io8),  hyacinth, 
and  Plantago,     The  aibn  is  a 

stem    the   intemodeS  of  which  f,g.   ioS.- Rhizome  and  scape  of  the 

are    separated    by  thickened    i|Jy:of-the.vaiiey,     ConvaUaria    ma- 

•^  ^  jalis  (reduced). 

nodes,   as  in  grasses,  and  is 

usually  hollow  and  unbranched  ;  the  calamus  on  the  con- 
trary, as  in  rushes,  is  pithy  and  without  thickened  nodes. 
Sometimes,  as  in  the  strawberry,  the  stem  sends  out  runners, 
i.e.  branches  which  run  along  the  ground,  put  out  adven- 
titious roots  from  their 
nodes  or  at  their  extre- 
mity, and  develope  there 
a  perfect  plant. 

If  a  stem  is  cut  through  F1c.109.-Sec-  FiG.iio.-Sec-  FiG.iii.-Sec 
transversely,  the  fieiire  of  ''^P  °^  *"*"■  'ion  of  square  tion  of  s-rib- 

^\  o  guiar  stem.        stem.  bed  stem. 

the  section  is  usually  more 

or  less  round  or  cylindrical,  or  is  compressed  into  an  elliptical 
form ;  but  it  is  often  angular,  for  instance  triangular  in 
Carex  (Fig.  109),  square  in  Labiatae  (Fig.  no),  five-ribbed 
(Fig.  in),  &a 

The  form  of  the  stem  is  usually  more  or  less  cylindrical, 
but  often  globose,  two-edged,  as  in  several  species  of  Cactus, 
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filiform  as  in  flax,  or  leaf-like  as  in  some  species  of  Cactus 
and  ^wjcaj  (Fig.  iia).' 


>ch  or  phylloclule  of  RuKia  actiltati 

In  reference  to  its  position,  the  stem  may  be  erect,  pen- 
dulous as  in  the  sunflower,  nodding  as  in  Carduus  nutans, 
decumbent,  flexuose,  creeping,  where  it  puts  out  adventitious 


[The  flat  expanded  sharp-poinled  leaf-like  branch  of  the  butchei'B 
broom,  Ruscus  acultatus  (Fig.  Iia),  produced  in  (he  axil  of  the  true 
(cale-like  leaf,  and  bearing  the  flower  on  its  upper  sur^ce,  is  termed  a 
fhylioclaiU.  -  Ed.] 
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roots  from  its  under-side,  as  in  the  money-wort,  Lysimachia 
Numniularia,  and  periwinkle,  Vinca  minor,  floating  as  in 
many  water-plants,  climbing  {scandent),  as  in  the  ivy,  or 
twining,  when  it  may  twine  either  to  the  right,'  as  in  the 
hop  or  honeysuckle,  or  more  often  to  the  left,  as  in  the 
bindweed  (Figs.  113,  114)- 

•  The  base  of  the  stem  or  underground  stem  is  distin- 
guished from  the  true  root  by  its  power  of  producing  leaves. 
These  are,  however,  often  tiry  or  deciduous,  and  their  pre- 
sence can  then  only  be  recognised  by  the  scars  they  leave 
behind ;  and  sometimes  they  disappear  so  early  that  even 
the  scars  can  scarcely  be  made  out.  In  such  cases  the 
earliest  stages  of  development  must  be  examined  in  order  to 
come  to  a  determination.  The  underground  stem  assumes 
peculiar  forms  in  the  rhizome,  tuber,  and  bulb. 

The  rhizome  (Fig.  108,  p.  77)  is  found  in  many  perennial 
plants.  It  may  be  recognised  by  the  leaf-scars,  as  also  by 
its  putting  out  a  number  of  adventitious  roots  from  its  under 
side,    and    ascending  annual  _ 

branches  (shoots)  into  the  air  ^      VY*       <?  1 

from  its  extremity  or  from  '^i^   (V    I  1      ,   \     n     _! 
neighbourhood    of    the    leaf-   ^  T^fci^jS^  ixlfAL 
scars.      The  buds  of   these      \.lj^J]laTr^Mv^'ir^^^^fr\ 
shoots  hibernate  beneath  the        if^^illJi^lm^^M^^^ 
ground(Fig.  115),     Rhizomes       I  ff'wV^MW^ll'f^i'^ 
are  commonly  branched,  and  "      !!1    re  i^   y  I U 

not  unfrequently  elongated,  'cm'aJ^in'^^^K,r'u'«.™a"if<^ 
and  creep  for  a  distance  JEe  ne« t^ swmf  *ihi7ycSl 
beneath  the  surface,  as  for  n™^:  c^  sc«s  of  ihe  si»ms  J  p«. 
example  in  couch-grass,  Triti- 

cuin  ripens ;  but  are  sometimes  short  and  compressed,  as  in 
the  Iris,  solid,  or  sometimes  hollow  and  divided  into 
chambers,  as  in  the  water-hemlock,  Cioila  virosa. 

The  tuber  is  a  thickened  fleshy  underground  stem,  with 

'  [In  applying  the  lemiB  twining  'to  the  right'  and  'to the  lefi,'  ihe 
reader  must  imagine  himself  in  the  position  of  the  steta  ■iO'Kii  >n\ft^ 
the  climbing  plant  twines. — Ed.] 
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usually  very  small  leaves  which  can  be  made  out  only  in 
the  young  state  ;  but  in  some  cases,  as  the  potato,  there 
are  a  number  of  buds  concealed  in  depressions,  which  are 
called  gw  (Figs.  116,  117).  Many  plants  form  only  one 
tuber,  as  the  pig-nut,  Curum  bulbocaslanum  (Fig.  118), 
Others  several,  as  the  potato.     The  spherical  or  palmate 


tubers  of  some  orchids  (Figs.  119,  120)  are  considered  by 
some  Co  be  tuberous  roots,  by  others  true  tubers. 

The  buib  is  also  fleshy,  but  is  distinguished  by  its  leaves, 
which  [in  the  form  of  scales]  surround  the  solid  base  of 
the  stem  which  is  called  the  disc,  or  are  attached  to  its 
apex.  This  plate  or  disc  is  either  comparatively  large,  and 
when  surrounded  by  only  a  few  leaves,  as  in  the  crocus,  is 
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calledaiwrOT  (Fig.  lai);  or  it  may  be  comparatively  small 
in  proportion  to  the  mass  of  the  leaves,  as  in  the  onion  [or 


Fic.  I3D.— Dimbk  parmale  lubir,  a.  l\ 
of  Orchil  eJeratiaima. 


hyacinth]  (Fig.  iia).     Further  characters  are  derived  from 
the  character  of  the  scales  :  and  bulbs  are  hence  termed  scaly 


'lO.  111.— Cam  of  GliidielHi  ugilmit ;  a  longitudinal  Kclkm  ;  a  last  year'is 
)foiir'*bulh ;  cscupn  ;  rfscalM;  xroou  ;  b  after  removal  of  the  tnveloping 
jr  bud  wtiich  will  develop  iaio  neit  year's  bud  ;  £  buJbiL 
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or  iquamose,  tunicated  [in  the  hyacinth  or  onion],  fibrOus, 


Branches  of  ihe  stem  spring,  hke  leaves  and  flowers,  from 
buds.  According  to  the  organs  which  result  from  their  de- 
velopment, they  are  distinguished  into  stem-buds  {plumules), 
kaf-buds,  33\A  flower-buds. 


Fig.  iii.-Scalj'  (squamo. 
the  onion :  i  plate  or  disc 


As  respects  the  position  of  the  bud,  it  is  lerminal  (Fig. 
123  a)  when  it  is  situatetl  at  the  end  of  a  branch,  axillary 
(Fig.  123  b)  when  it  grows  in  the  axil  of  a  leaf,  i.e.  in  the 
angle  which  its  upper  surface  makes  with  the  stem,  or 
adventitious  when  it  springs  from  any  other  part  of  a 
stem  except  these  two.  The  latter  kind  occur  but 
rarely  ;  the  tendrils  of  the  grape-vine  {Fig.  196,  p.  108) 
proceed  from  buds  of  this  description.  In  the  same 
manner  the  shools  which  spring  from  the  creeping  roots 
of  certain    plants,  the  plum,  wild  cherry,   &c.,    originate 
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from  adventitious  buds.  There  are  sometimes  a  few  buds 
which  do  not  break  through  the  bark,  but  remain  dormant 
beneath  it,  imtil  the  other  buds  on  the  plant  have  been  de- 
stroyed by  unfavourable  circumstances  such  as  late  frosts, 
when  these  dormant  buds  are  excited  into  activity,  and 
often  preserve  the  life  of  the  plant.  But  even  while  in  the 
dormant  state  they  always  increase  in  size,  and  form,  for 
example,  the  balls  which  are  found  beneath  the  bark  of  the 
beech,  chestnut,  lime,  &c.  Creeping  stems  are  also  sometimes 
developed  from  these,  but  more  usually  from  adventitious 
buds.  It  is  this  production  of  branches  on  the  stumps  of 
felled  trees,  as  on  oaks  and  birches,  which  especially  adapts 
them  for  growth  as  underwood.  The  bodies  termed  bulbils 
ox  gemma  should  also  be  mentioned  here.  They  are  stem-buds 
which  detach  themselves  from  the  plant,  and  can  themselves 
give  rise  to  new  individuals  exactly  like  the  parent.  They 
are  formed,  for  instance,  in  abundance  on  certain  species  of 
Allium^  on  the  leaves  of  Cardamine pratensisy  in  the  axils  of 
the  leaves  of  Lilium  bulbiferumy  between  the  scales  of  bulbs 
(Figs.  121,  122),  [and  more  frequently  with  Cryptogams,  on 
the  fronds  of  *  viviparous '  ferns,  as  Asplenium  bulbiferumy 
normally  on  the  thallus  of  Hepaticae,  &a] 

The  mode  of  development  of  the  buds  has  a  great  influence  on  the 
habit  of  the  plant.  If,  for  example,  the  terminal  bud  of  the  primary 
stem  persists  as  such,  the  stem  will  continue  to  grow  for  a  long  time  at 
its  apex,  as  may  be  seen  in  the  silver  fir.  Pollarded  willows,  on  the 
contrary,  which  have  lost  their  terminal  buds,  usually  form  at  their 
summit  a  dense  crown  of  small  branches.  The  dichotomous  branching 
of  the  mistletoe  depends  on  the  terminal  bud  always  developing  into  a 
flower,  and  the  lateral  buds  into  branches. 

Buds  which  persist  through  the  winter  are  usually  pro- 
tected  by  special  organs,  the  bud-scales,  which  are  either  of 
a  membranous  or  scaly  texture.  They  are  either  dry  as  in 
the  oak,  viscid  like  those  of  the  horse-chestnut,  covered 
with  hairs,  or  smooth.  In  many  cases  in  which  they  are 
not  specially  developed,  as  in  the  lilac,  they  are  replaced  b^ 

G2 
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ordinary  leavesi  or  by  some  of  special  form  which  are  con- 
sidered as  stipules,  as  in  the  alder.  The  bud- scales  usually 
fall  off  when  the  bud  begins  to  swell  in  the  spring  and  the 
enclosed  parts  to  grow  :  but  in  some  cases,  as  the  oak  and 
beech,  they  continue  to  grow  for  some  time  at  the  base. 

The  stem-bud  is  a  compressed  rudiment  of  the  stem,  on 
which  account  the  peculiar  position  of  the  organs  which  are 
attached  to  it  can  be  especially  weU  studied  in  the  bud  by 
making  a  transverse  section  through  it. 

The  relative  position  of  the  bud-scales,  foliage-leaves, 
sepals,  and  petals,  in  the  bud,  or,  as  it  is  termed,  their  cbs- 
tivatiotiy  is  usually  imbricate^  where  the  margins  of  contiguous 
leaves  overlap  one  another,  less  often  valvate,  as  in  the 
'Calyx  of  the  mallow  (Fig.  124),  where  they  merely  touch  one 


I'iG.   12^— Valvate      Fig.  125. — Redupli-      Fig.   126. — IndupH-      Fig.  127.— Enfolding 
aestivation  ;     calyx        cate  valvate  aestiva-        cate  valvate  aestiva-       aestivation, 
of  mallow.  lion.  lion. 

another  by  their  edges.  The  most  important  modifications 
of  the  imbricate  aestivation  are  the  enfolding  (Fig.  127)  in 
which  one  leaf  entirely  encloses  another,  the  vexillary  (Fig. 
128),  peculiar  to  the  Papilionaceae,  where  one  leaf  much 
larger  than  the  rest  encloses  the  others  ;  alternate,  as  in  the 
tulip  (Fig.  129),  where  two  rows  of  floral  leaves  alternate 
regularly  with  one  another,  and  quincuncial,  as  in  the  wood- 
sorrel,  the  cal)rx  of  the  rose,  the  calyx  and  corolla  of  the 
buttercup,  &c.  (Fig.  130),  where  the  five  leaves  are  so  placed 
that  between  two  outer  ones  which  are  entirely  uncovered 
and  two  inner  ones  which  are  entirely  covered,  there  lies  a 
fifth  (leaf  3),  so  inserted  that  with  one  of  its  margins  it  over- 
laps one  of  the  two  iimer  leaves,  while  the  other  margin  is 
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covered  by  one  of  the  outer  leaves.  If  the  whole  bud  ap- 
pears as  if  twisted  spirally,  the  aestivation  is  said  to  be  con- 
torted; if,  as  in  the  poppy,  the  leaves  lie  in  the  bud 
irregularly  crumpled  up,  it  is  crumpled. 


Fig.  128,— Vexil- 
lary  aestivation 
of  Papiliona- 
cex* 


Fig.   i2§. — Alternate 
aestivation  of  tulip. 


Fig.    130.  — Quincun- 
cial  aestivation. 


Fig.  X3I.— Contorted 
•     aestivation. 


By  vernation  is  meant  the  position  occupied  by  the  se- 
parate leaves  in  the  bud.  This  \'s,flat  in  the  leaves  of  Coni- 
ferae  ;  simply/?^fef/(Fig.  132)  in  those  of  the  cherry  and  lime ; 
plicate  or  with  many  folds  in  those  of  the  beech  and  birch 
Fig.  133).     In  their  length  from  the  apex  to  the  base  leaves 


Ftg,    132.  —  Fig.   133.  —  Fig.  134. — Con- 
Simply  fold-    Plicate  ver-  volute     verna- 
ed      vema-   nation.  tion. 
tion. 


1''ig,  135. — Revolute 
vernation. 


Fig.  136.— Involute 
vernation. 


Fig.  137. — Contorted 
vernation. 


are  drcinate^  like  the  fronds  of  ferns,  where  the  apex  is 
rolled  up  towards  the  base  ;  convolute  (Fig.  134),  where  one 
margin  is  rolled  up  towards  the  mid-rib,  as  in  Grasses  and 
bananas.  The  sepals  of  Fumaria  are  revolute^  the  margins 
being  rolled  outwards  (Fig.  135) ;  those  of  the  sweet  NvOkV^X. 
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on  the  contrary  are  involute  (Fig.  136),  or  rolled  inwards 
towaras  the  mid-rib.  The  petals  of  Convolvulus  (Fig.  137) 
are  contorted  ^^^xxdXXy  \  those  of  the  poppy  irregularly  ^2//y///f^. 
With  respect  to  their  anatomical  structure,  it  may  be  re- 
marked that  buds  are  especially  distinguished  by  the  pre- 
sence of  formative  tissues. 


THE  LEAVES. 

It  will  be  seen  from  what  has  now  been  said  that  the 
Leaves  are  appendicular  organs  of  the  stem.  The  apex  is 
always  formed  first,  and  is  therefore  the  oldest  part  of  the 
leaf;  the  remaining  parts  being  gradually  interposed  between 
it  and  the- stem.  The  order  of  development  is  therefore  the 
reverse  in  the  leaf  to  what  it  is  in  the  stem,  where  the  apices 
are  the  youngest  parts. 

The  various  positions  and  functions  of  leaves  necessitate 
their  classification  into  four  kinds  : — seed-leaves  or  cotyledons^ 
covering-leaves y  foliage-leaves y  diXi^  floral  leaves.  The  first  of 
these  kinds  will  be  more  fully  described  when  speaking  of 
the  seed  ;  the  last  when  speaking  of  the  flower. 

Covering-leaves  are  so  called  because  they  cover  or  pro- 
tect other  parts  of  the  plant.  In  this  class  are  included  the 
bud-scales  already  described  (p.  83),  and  the  bracts  or 
hypsophyllary  leaves,  i.e,  those  leaves  in  the  axils  of  which 
the  flowers  are  placed.  The  bud-scales  are  mostly  brown 
bodies  but  little  developed,  which  fall  off"  as  the  develop- 
ment of  the  bud  progresses,  when  they  have  fulfilled  their 
purpose.  The  bracts  are,  on  the  contrary,  as  a  rule  more 
perfectly  formed  and  green,  or  of  some  other  colour  as  in 
the  spathe  of  Calla  [or  Richardia,  or  the  brilliant  red  bracts 
of  Foinsetiia,  Buginvillea,  &c.]  Their  presence  or  absence, 
and  their  more  or  less  complete  development,  are  important  in 
determining  the  nature  of  the  inflorescence,  and  in  defining 
the  characters  of  certain  families  of  plants.  The  glumes  of 
Grasses^  the  spathe  of  Aroidese,  the/rt/<f^of  Compositse,  and 
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the  involucre  of  Umbelliferae  [and  Compositae],  are  different 
forms  of  bracts. 

To  this  class  belong  also  the  scale-  or  cataphyllary  leaves, 
which  are  either  colourless,  yellowish,  reddish,  brown,  or 
rarely  green;  often  fleshy,  leathery,  or  membranous,  and 
which  for  the  most  part  remain  buried  in  the  ground.  When 
the  true  foliage-leaves  are  strongly  developed,  the  scale- 
leaves  are  generally  inconspicuous  ;  while  in  other  plants 
they  are  conspicuous,  as  in  saprophytes  which .  are  desti- 
tute of  chlorophyll  and  have  no  true  leaves. 

Tht  foliage-leaves — often  called  simply  leaves— are  dis- 
tributed over  the  stem  in  a  great  variety  of  ways.  When 
there  is  more  than  one  on  the  same  level  they  are  opposite^ 
decussate  (Fig.  138),  or  verticillaie  (Fig.  139) ;  when  there  is 
only  one  on  the  same  level,  alternate  or  scattered  (see  p.  76). 
Irregular  as  the  arrangement  appears  in  the  last  case,  a 
close  investigation  nevertheless  shows  that  these  also  are 
distributed  on  the  stem  in  accordance  with  definite  laws.  If 
a  spiral  is  drawn  round  the  stem  connecting  the  points  of 
attachment  of  the  leaves,  and  these  are  then  marked  on 
the  spiral,  it  is  found  that  in  any  particular  species  there  is 
always  a  certain  definite  number  of  leaves  on  any  given 
number  of  circuits  made  by  the  spiral  round  the  stem.  The 
course  of  the  spiral  from  any  one  leaf  to  the  next  leaf  which 
stands  exactly  vertically  above  or  beneath  it  is  t'lerefore 
termed  the  leaf-cycle.  In  order  to  determine  the  law  of 
phyllotaxis  or  leaf-arrangement  in  any  particular  species,  the 
number  of  leaves  in  a  cycle  is  placed  as  the  denominator 
of  a  fraction,  and  the  number  of  circuits  round  the  stem  in- 
cluded in  the  cycle  as  the  numerator.  Thus,  for  example, 
the  leaves  of  the  pear,  oak  (Fig.  140),  poplar,  and  walnut, 
have  a  f  arrangement ;  i,e,  five  leaves  are  found  on  every 
two  circuits  which  make  up  the  cycle.  In  Plantago  (Fig. 
141)  the  phyllotaxis  is  §.  That  the  law  of  phyllotaxis,  to 
which  the  floral  leaves  are  also  subject,  must  have  a  great 
influence  on  the  aestivation  is  self-evident :  thus  the:  o^vcv- 
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cunctal  {estivation  corresponds  to  the  %  phyllotans.  Thri 
spiral  itself  may  either  be  a  right-handed  one,  i>.  running 
from  the  left  below  to  the  right  above,  or  conversely  a  left- 
handed    one.    The  law  thus  indicated  is  not,  however. 


Fig.  isa.— DecoiutelearesDrthe 
scarfei  pLmptrnel,  AnagaUii 
arvtniis,  with  axiUary  flowers^ 


always  easy  to  rec<^nize  in  practice.  Of  the  leaves  of 
Grasses,  for  example,  one  half  follow  a  right-handed,  the 
other  half  a  left-handed  spiral.  The  spiral  arrangement 
is  often  obscured  by  the  leaves  standing  in  a  fasciculate 
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maDner  on  a  branch  which  has  remained  undeveloped,  as 
in  the  larch. 

Since  the  secondary  axes  (branches)  generally  spring 
from  axillary  buds,  it  follows  that  their  arrangement  on  the 
stem  is  dependent  on  the  phyllotaxis  of  those  leaves  in  the 
axils  of  which  they  arise,  as  is  seen  at  once  in  any  labiate 
plant  It  is  also  easily  understood  that  an  apparently  alto- 
gether irregular  arrangement  of  the  branches  on  the  stem 
may  be  the  result  of  the  abortion  of  a  number  of  buds. 

A  leaf  of  the  most  perfect  development  may  be  divided 
into  its  sheath,  its  .petiole  or  leaf-stalk,  and  its  lamina  or 
flatly  expanded  blade,  although  one  or  other  of  iliese  parts 


is  most  often  wanting.  Thus  the  leaves  of  Grasses  have  a 
sheath,  but  no  petiole  ;  those  of  the  apple  and  pear  a  petiole, 
but  no  sheath  ;  in  those  of  many  Umbelllferae,  such  as -^«^rf- 
lica,  all  three  parts  occur. 

The  leaf-sheath  embraces  the  stem  in  the  form  of  a  hol- 
low tube.  In  Grasses  it  is  always  split  in  front  (Fife  i^i.\  ., 
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in  rushes  and  sedges,  on  the  contrary,  closed  or  entire. 
The  split  sheath  of  many  UmbelliferEe  is  inflated  ;  while  the 
closed  sheath  of  the  knot^ass,  Polygonum,  does  not  bear 
the  leaf  at  its  upper  end,  but  on  its  back,  and  is  in  this  case 
called  an  ochrea. 

'Die  petiole  is  not  always  present ;  and  leaves  are  hence 
distinguished  into /£l'/i7/a/f  or  sXaXk^,  and.  sessile.    It  is  often 


•x^lm,  showing  phyllodes. 


connected  with  the  stem,  rarely  with  the  sheath,  by  a  pecu- 
liar more  or  less  swollen  articulation.  If  this  articulation 
is  large,  and  a  portion  of  it  remains  attached  to  the  stem 
after  the  fall  of  the  leaf,  as  in  the  spruce-fir,  the  portion  that 
thus  remains  is  called  a  puhiitus.  After  the  fall  of  the  leaf, 
the  spot  to  which  it  was  attached  is  indicated  by  a  scar  or 
cicatrix.  The  petiole  may  be  cylindrical,  semicylindrical, 
channeled,  or  flat,  and  is  sometimes  winged,  or  provided 
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with  leaf-like  expansions  at  the  side.  Some  Australian 
species  of -4fflf/a  possess  in  the  early  years  of  their  hfe  bipin- 
nate  leaves  with  a  more  or  less  flatly  expanded  petiole 
(Fig,  143,  b') ;  but  subsequently  the  pinnffi  are  no  longer 
developed,  the  branching  is  also  suppressed,  and  the  simple 
petiole,  now  strongly  developed  into  a  flat  plate  {Fig.  143, 
a),  performs  all  the  functions  of  the  leaf.  Such  a  petiole  is 
termed  s-phyliode,  and  is  distinguished  from  leaves  of  nor- 
mal structure  by  its  mode  of  development,  as  well  as  by  its 
vertical  position.' 

At  the  base  of  the  petiole  on  both  sides  are  frequently 
found  flat  leaf-like  appendages,  the  stipules  (Figs.  144,  145), 


oMsy,  wilh 


These  are  sometimes  adherent  to  the  petiole,  or  adnate,  as  in 
the  rose,  and  occasionally  even  run  down  a  portion  of  the 


'  [The  petiole  of  Sarracmia  and  Darlinglonia  is  expanded  into 
markable  pitchfr-likc  organ  capable  of  holding  a  considerable  am 
of  fluid.  The  somewhat  similar  pitchers  of  the  'pitcher-plant 
Nepenthes  (Fig.  193,  p.  106)  are  considered  on  the  other  hand  ti 
expansions  of  the  lamina.— Ed.] 
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stem  itself  as  in  the  wood-vetch,  Vtcta  sffium,  when  they 
are  decurrail,  and  give  a  winged  appearance,  sometimes  to 
the  petiole,  sometimes  to  die  stem.  [When  not  adherent  to 
the  petiole  they  are  said  to  be/r«.]  The  stipules  are  mostly 
smaller  than  the  true  leaves,  seldom  larger,  as  in  the  pansy 
(Fig.  144).     In  Lathyrus  Afhaca  {Fig.  146),  the  stipules  of 


14J.— Ltaf  of  graM;  Zi>.ligulei 
L  Jjunina  :  g  leaf-sheaih. 


the  Upper  leaves  are  the  only  part  to  expand,  the  leaf  itself 
degenerating  into  a  tendril.  The  stipules  of  Gledilschia  and 
the  common  'acacia,'  Robinia pseudacada  (Fig.  184,  p.  103), 
are  spinous ;  they  are  leaPlike  and  persistent  in  the  pea, 
memhranous  and  deciduous  in  the  oak  and  beech.'  Under 
the  head  of  stipules  come  the  ligules  (Figs.  14a,  147),  or- 
delicate  appendages  which  grow  at  the  point  of  union  of 
lamina  and  sheath  in  the  leaves  of  Grasses. 

Sessile  leaves  sometimes  partly  or  entirely  embrace  the 
stem,  and  are  then  amplextcaul,  or  semi-amplexicaul.  In  the 
former  case  the  base  is  occasionally  developed  in  a  sheath-like 

'  [In  pinnate  leaves,  each  of  the  petiolules  or  separate  petioles 
of  the  leaflf  [s  is  sometimes  furnished  .at  its  base  with  a  secondary  sti- 
/wJe  m  Hj^ella.  —Ed.] 
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form,  sometimes  not,  as  in  the  common  buttercup  (Fig.  148), 
%<:i-cs\\^tperfoUate\t.'a.y^,z.%*RBupleurumrotundifolium{V'\g. 


149),  or  connate  leaves,  as  in  the  common  honeysuckle  (Fi>'. 
150)  [or  Chlora  perfoliafd],  are  varieties  of  the  axn^V^^vcaxiS. 
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fonn.  In  the  former  case  the  two  margins  of  the  base  of 
the  leaf  have  united ;  while  the  latter  variety  consists  of 
two  leaves  which  have  become  completely  united  at  the 
base  in  their  growth.  Not  unfrequently  the  leaf  is  united 
for  a  certain  length  with  the  stem,  when  it  is  smd  to  be 
decurreiit  [and  the  stem  to  be  unnged\,  (Figs.  151,  152). 

The  lamina  or  blade,  the  most  essential  part  of  the  leaf, 
may  assume  almost  any  conceivable  form.  The  first  thing 
to  observe  is  whether  the  petiole  bears  only  a  single  lamina, 
or  several,  connected  with  it  by  secondary  petioles  ax  petio- 


'^ihe  privel. 


lula,  or  by  articulations.     In  the  first  case  the  leaf  is  said  to 
be  simple,  in  the  latter  cases  compound. 

The  separate  leaflets  of  a  compound  leaf,  as  well  as  the 
single  lamina  of  a  simple  one,  may  have  the  greatest  variety 
of  external  fonn.  Linear  leaves  are  such  as  are  not  only 
many  times  longer  than  broad,  but  are  of  nearly  the  same 
width  from  the  base  to  near  the  apex,  as  in  nearly  all  Grasses. 
If  the  leaves  are  at  the  same  time  somewhat  rigid,  as  in  Irts, 
they  are  ensiform  ;  and  if  they  are  also  sharp-pointed  like 
those  of  most  Conifers,  they  are  acicular  01  acerose.  Alanceo- 
/fl/^  leaf  (Fig.  153)  is  three  or  four  times  as  long  as  broad,  and 
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is  narrowed  to  a  point  both  at  the  base  and  the  apex.  In 
the  e/lipical  QT  oval  {'F\%.  154),  and  the  cWon^  leaf,  the  ends 
are  equally  rounded  off;  the  for- 
mer is  two  to  three,  the  latter  three 
to  four  times  as  long  as  broad.  The 
terms  ovate  (Fig.  168,  p.  98)  [where 
the  broadest  part  is  nearer  the  base 


r^^^9^' 


than  the  apex],  Yobovate,  where  the  broadest  part  is  nearer 
the  apex  than  the  base],  sub-rotund,  orbicular  (Fig.  155), 


Flc.    is4— Cordale    [unsymmetricall       Fio.  157.— Leafof  _ 

Jeaf  of  Ihe  lime.  with  Ihrce  obcordatc  I* 

cordate  (Fig.  156),  obc^rdate  (Fig.   157),  triangular^  a&  \ 
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Atriplex  patula  (Fig.  158),  and  rkomboidaJ,  are  used  in  their 
obvious  signification.  A  rmiform  leaf  (Fig.  159)  is  one 
that  is  broader  than  long,  and  has  the  apex  rounded  off, 


with  two  projecting  lobes  at  the  base  also  rounded  off. 
Sagittate  (Fig.    160)  and    hastiUe   (Fig.    161)  leaves  are 


pointed  at  the  apex,  and  have  also  two  pointed  lobes  at  the 
base  ;  the  incision  bounded  by  these  latter  is  acute-angled 
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in  the  fornier,  very  obtuse-angled  in  the  latter  case.  In  the 
peltate  \i^(^'\%.  162),  the  petiole  springs  from  the  nii<yie  of 
the  lamina  [as  in  Hydrocotyh  or  Tropaolum\. 

In  describing  the  fonn  of  the  base  of  the  leaf,  i.e.  of  the 
part  of  it  which  is  attached  to  the  stem  or  petiole,  some 
of  the  same  terms  are  applicable  as  those  already  defined  ; 
as,  for  example,  cordate,  reniform,  hastate,  &c.  There  are 
some  others  also  in  use.  Thus  the  base  may  be  ameate  or 
wedge-shaped  (Fig.  163),  when  it  passes  gradually  into  the 


i,i6j,— Acumiiule    Fro.    i6?  —  Spalhu-  Fic.  .66— Mu- 
aX  ot  ihe  pclLiloiy,      lite  leaf  of  ihc  oi-      cronaw  liiHel 

petiole;  and  the  spathulate  leaf  (Fig,  165)  is  somewhat 
similar  [as  in  the  London  pride,  Saxifraga  umbrosd\.  The 
apex  of  the  leaf  also  often  requires  special  description.  It 
is  obtuse,  acute,  acuminate  [when  the  apex  narrows  rapidly 
and  lengthens  into  a  point]  (Fig.  164),  mucronate  {Fig,  166) 
[when  ending  abruptly  in  a  short  sharp  point,)  truncate 
[as  in  the  tulip-rree,  Liriodeiidron\,  efiiarginate  {Fig.  167) 
[when  indented  at  the  apex],  or  obcordate  (Fig.  157,  p.  95). 
In  but  comparatively  few  cases  is  the  lamina  entirely 
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without  incisions  of  any  kind.     In  the  great  majority  there 
are  either  smaller  notches  which  affect  only  the  margin,  or 


deeper  incisions  which  cause  the  leaf  to  assume  a  different 
form,  or  both  may  occur  on  the  same  leaf.  In  reference  to 
the  margin,  the  leaf  may  be  mtire  [without  notches  of  any 


kind,  as  in  all  Grasses,  Caryophyllacese,  Vinca,  &c.] ;  dentate 
(Fig.  i68)  [when  the  teeth  are  sharp  and  point  outwards 
wiA  concave  edges],  serrate  (^'i%.  169)  [when  the  teeth  are 
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sharp  and  point  forwards  towards  the  apex  Hke  the  teeth  of 
a  saw];  hiserrate  i^\%.  170);  crena/e  (Fig.  159)  [when  the 
teeth  are  rounded  off  with  convex  edges] ;  or  repaitd  ["when 
the  margin  is  wavy].  A  leaf  is  ciliate{^'\%.  171)  [when  fringed 
with  hairs  on  the  margin],  spiny  (Fig.  17a)  [when  the  teeth 
are  long  and  veiy  sharp],  rough  or  scabrous  when  provided 
with  small  scarcely  visible  roughnesses. 

If  the  margin  of  a  leaf  or  leaflet  is  more  deeply  cut  than 
is  indicated  by  the  terms  just  mentioned,  it  is  incised,  and 
pinnalised  if  the  divisions  extend 
[very  nearly]  to  the  mid-rib  (Fig. 
\'}^\palniatisKt  if  they  extend  [very 
nearly]  to  the  base  of  the  leaf  (Fig. 
173)  ;  pinnatipartite  and  palmali- 
parii/e{Fig.  183,  p.  102)  respectively 
if  the  incisions  do  not  extend  quite 


hood. 


so  far;  and/;««(i^pWand/3/>«<ri^fi/when  they  extend  about 
half-way  from  the  margin  to  the  mid-rib  or  base  of  the  leaf. 
If  the  divisions  of  a  palmatilid  leaf  are  five  in  number,  it  is 
called  ^<i/ff«7/rf  (Fig.  181,  p.  102).  Special  modifications  of  the 
pinnatifid  leaf  are  the  MOT««<W^  (Fig.  175),  where  the  points  of 
the  large  central  lobes  are  reflexed  ;  tyrati:  (Fig.  176),  where 
the  terminal  lobe  is  much  the  largest,  and  the  o&.ets&eciea5.e. 
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gradually  towards  the  base;  /aeitiia/e  {Fig.  177},  where  the 
leaf  is  irregularly  cut  into  very  narrow  segments.  In  a  slit 
leaf  the  lobes  into  which  the  margin  is  divided  are  narrow 
and  pointed;  in  a/cArrfleaf(Fig.  179)  they 
are  broader  and  rounder  (with  the  excep- 
tion often  of  the  ter- 
minal lobe),  the  inci- 
sions themselves  having 
an  acute  angle ;  in  a  - 
sinuate  leaf  (Fig.  180) 


still  broader  and  shallower,  the  incisions  themselves  being 
also  rounded  off.  According  to  the  number  of  the  divisions, 
the  leaf  is  trr^,  trtlobeil  (Fig.  i-jg),  _five-loiiei/,  &c.,  or  the 
latter  is,  usually  caUed //atmatilated. 

CWhpound  leaves  are  classed  under  two  principal  heads, 
the  digitate  and  the  pinnate.  In  the  former,  several  leaflets 
■  — 3-  5i  7.  or  less  often  4— spring  from  the  apex  of  the  common 
petiole.  The  most  common  number  is  3,  as  in  the  clover 
(Fig.  i8z,  p.  102),  when  the  leaf  is  said  to  be  ternate  at 
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trifoliBlate.  When  the  petiole  divides  at  its  apex  into  two 
main  divisions,  each  of  which  bears  several  leaflets,  it  is 
pedate  (Fig.  183).  The 
pinnate  leaf  has  its  leaf- 
lets arranged  on  each 
side  of  a  common  elon- 
gated petiole,  which  is 
then  called  the  racim. 
If  the  rachis  ends  in  a 
terminal  leaflet  [so  that 
the  number  of  the  pinnae 
is  uneven]  the  leaf  is 
unequally  pinnate  or  im- 
paripinnaie  (Fig,  184) ; 
if  the  number  of  leaflets 
is  an  even  number  it 
'\&  paripinnate  or  equally 
pinnate  (Fig..  185);  and 
in  this  case  the  rachis  may  run  into  a  tendril  or  a  point 
{Fig.   185),  or  may  end  abruptly.    The  leaflets  may   be 


Fig.  iji).— Tritobcd  luf  of  ihc  hepuica. 


opposite  to  one  another  on   the  rachis  (Fig.   184),  when 
each  pair  forms  a  'jugum,'  or  they  may  be  alteTOaVt  t5'\^- 
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185).     If  large  and  small  leaflets  alternate  with  one  another, 
the  leaf  is  interruptedly  pinnate  (Figs.  186,  187). 


Fig.  iSs.—Paripmnate  leaf  of  Lathy rus  ma- 
crorhizns  fwilh  auriculate  or  car-shaped  sti- 
pules] the  rachis  ending  in  a  point. 


Fig.  184.-- Imparipinnate  leaf    Fig.   i86 — Interruptedly    Fig.   187.— Interruptedly 
r.^    th*.       'acacia,'  *Robinia     pinnate  leaf  of  the  po-      pinnate   leaf   of    A^ri- 

iHcnia  Eu^atoria  [with 
connate  stipules]. 


of    the 

Pse7idacacia.   with  opuosite      tato. 

leaflets  (and  spinous  stipules]. 


In  some  cases  the  division  into  leaflets  is  repeated,  and 
the  leaf  is  then  siipradccompound.  Thus  we  may  have  a 
biternatc  leaf  (Fig.  i88),  [in  which  each  of  the  trifoliolate 
sections  is  again  trifoliolate],  a  bipinnate  (Fig.  i^o^,  ^t^^  ^m^xs. 
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^ter-  io  ^ifi^ue-pinnate  leal  (Fig.  189).  In  thebipinnatelea^ 
which  is  of  very  common  occun'ence,  the  leaflets  which  aie 


attached  to  the  common  rachis  are  termed  the  pinna,  and 
the  secondary  leaflets  t\\t  pinnules.'^ 
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All  the  tenns  now  defined  in  reference  to  the  attachment, 
foim,  incision,  and  division  of  simple  leaves  apply  equally  to 
the  leaflets  of  compound  leaves. 

The  disposition  and  course  of  the  ribs  and  veins,  or  the 
viHaiien  of  leaves,  is  greatly  dependent  on  the  fomi  of  the 
leaf  (or  perhaps  the  converse  is  rather  the  case).  The  term 
principal  nerve  or  mid-rib  is  given  to  the  one  which  is  most 
strongly  developed,  and  which  passes  through  the  centre  of 
the  leaf ;  the  larger  branches  which  go  out  from  it  are  the 
lateral  ribs,  zaA.  the  smaller 
ramifications  the  veim  (see 
Fig.  181,  p.  loz).  Ifaleaf 
has  only  a  single  unbranch- 
ed  mid-rib,  as  in  many 
Coniferse,  the  venation  is 
said  to  be  simple.  If  the 
principal  vein,  when  it  en- 
ters the  lamina  of  the  leaf, 
divides  at  once  into  several 
branches,  the  terms  pal- 
minerved {^\^.  \iyi\, pedati- 
nmv<^(Fig.  183,  p.  io2),orF'°-  ''"  J^^^j^^^ll^l^^^'d)*^'""""" 
pellinenifd  {F\g.  162,  p.  96), 

are  given,  according  to  the  shape  of  the  leaf.  IVhen  the 
mid-rib  runs  through  the  leaf  to  its  apex,  sending  out  lateral 
branches  from  each  side,  the  leaf  '\s  pinnaliiiertvd  (Fig.  1C3, 
p.  97).  When  several  nerves  enter  the  leaf  from  the  stem 
or  petiole,  they  may  be  nearly  straight  and  parallel  to  one 
another,  as  in  Grasses,  or  somewhat  curved  as  in  the  lily  of  the 
valley,  but  are  said  in  either  case  to  be  parallel-veined.     The 


writers.  They  may  be  combined  in  a  variety  of  ways,  as  lintar-latuto- 
lale,  c<''dalf'Bvatf,  sc.  ITie  following,  not  mentioned  in  the  text,  are 
also  in  use  amonf;  English  writers  :  dettsid,  with  three  nearly  equal 
angles  ;  snbulale,  neariy  cylindrical  and  awl-shaped ;  apiiulati,  ending 
in  a  short  sharp  point ;  cuipidati,  with  a  slenderer  sharp  point  The 
margin  is  jTraw/w/f  when  turned  backwartis'on  to  the  underside— En,\ 
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finest  ramifications  of  veins  are  found  almost  without  excep- 
tion in  twining  plants  among  Dicotyledons.' 

The  lamina  is  as  a  rule  fiat,  rarely  cylindrical  (Fig.  192), 


1.  194.— TfnK/w/rofftiHi,  an  Aroid,  M-lth  perforaled  Is 


'  [The  parallel  venation  of  the  leaves  is  especially  characteristic  of 
Endogens  or  Monocotyledons  ;  while  all  the  other  modes  of  venation, 
comprised  generally  in  the  term  reticulalid  or  nel-7-finfd,  .ire  found 
nearly  exclusively  in  Exogens  or  Dicotyledons.— En.  1 
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QtJUiform  as  in  the  submerged  leaves  oi  Ranunailus  aquatUis 
{Fig.  177,  p.  106),  Jisluiose  Z.S  m  Allium  carinatum,  inflated 
as  in  the  onion,  or  even  asddiform,  as  in  the  case  of  the 
pitchers  of  Nepenthes  (Fig.  193),  [and  a  few  Other  genera, 
the  bladders  of  Utricularia  (Fig.  356),  &c.]  Occasionally 
the  lamina  \s per/orated  {Y\g.  194). 

It  is  not  uncommon  to  ^nd  on  the  same  plant  leaves  of 
different  fonns  (Fig.  177,  p.  i 
said    to  be   heterophyllous. 
This  is  especially  the  case 
with  many  water-plants,  in 
which  some  of  the  leaves  are 
submerged, while  others  rise 
above  the  water  or   float 
upon  it,  as  in  the  arrow- 
head,   Sagiltaria  sagilta/o- 
Ha,    and   water  crowfoot, ' 
Ranunculus  aquatilis.  The  ■       ^     , 
leaves  which  grow  from  the  J  )  ^ 

lower  part  of  the  stem,  or  '■  "^~-- 
radical    leaves,     are     fre- 
quently different  in  shape 
from  the  upper  ones   [or 
cauline  leaves  attached  to"?,^ 
the  stem]. 

With  reference  to  their 
consistency,  leaves  are  her- 
baceous \i.e.  thin  and  flaccid], 
succulent  {^\%.  190)  as  in  the 
lettuce,  coriaceous  or  lea- 
thery as  in  the  box  or  holly, 
oijiesky  as  in  Pinguicula.     ' 

The  leaf  is  usually  of 
symmetrical  shape  on  each  side  of  the  mid-rib  ;  but  si 
times  unsymmetrical  or  oblique  (Fig.  156,  p.  95),  as  ii 
lime  or  Begonia,  one  side  being  larger  than  the  other,   . 


HelCTochylloii!!  legvr 


leaves  of  the  grape-vine,  which 
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The  length  of  life  of  leaves  varies  greatly.  The  leaves 
of  the  majority  of  plants  in  temperate  climates  fall  off  in  the 
autumn  [or  are  deciduous\ ;  in  so-called  ever^een  trees  and 
shrubs  they  persist  through  the  winter,  and  may  even  remaiii 
for  several  years,  as  in  some  species  of  Coniferre. 

The  green  colour  which  is  characteristic  of  the  greater 
number  of  leaves  is  due  to  a  colouring  matter  contained  in 
their  cells,  chlorophyll  (see  p.  24).  In  some  etiolated  [sapro- 
phytic or  parasitic]  plants,  as  Orobatuhe,  it  is  wanting ;  in 
others  the  leaves  are  variegated  or  coloured  white,  red,  or 
yellow,  in  patches.  The  colour  of  the  leaves  of  many  plants 
changes  more  or  less  in  the  course  of  the  year.  Thus  the 
are  at  first  green,  often  tuni 
red  in  the  autumn  ;  while 
those  of  the  copper-beech 
are  reddest  in  the  spring, 
and  afterwards  become 
more  and  more  green. 

SUBSIDIARY  ORGANS. 

Under   this   head    are 

included  a  number  of  struc- 
tures which  maybe  regarded 
as  appendages  to  the  or- 
gans already  described. 
They  are  In  some  cases 
modiAed  parts  of  the 
stem  or  leaf,  in  others  a 
special  development  of  the 
epidermis  which  forms  the 
outer  covering  of  plants. 
Among   them  are  tendrils 

nch  or  cirr/ti,  filiform  struc- 
tures   which    cling    round 

id  whose  function  is  to  enable 
weak  plants  to  attach  themselves  to,   and  to  climb  up 


neighbouring  substances, 
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stronger  plants.  Accordingly  as  they  belong  to  the  stem  as  in 
the  vine  (Fig.  196),  or  to  the  leaf  as  in  the  tare,  they  are 
called  stem-  or  leaf -tendrils.  The  same  distinction  is  made 
between  branch-spines  as  in  the  sloe  (Fig.  197),  and  leaf- 
spines  as  in  the  holly  (Fig.  172,  p.  98);  i.e.  stiff  and  very 
sharp-pointed  structures  arising  from  the  transformation  of  a 
stem  or  leaf,  or  a  part  of  one  of  these  organs,  and  which  are 
therefore  not  mere  epidermal  growths."     Prickles^  although 


Fig.  197.  —  P-ranch-spires  of  the  sloe, 
Piimus  s/'itiosa. 


Fig.  19S.— Prickles  of  the  rose. 


sharp-pointed  like  .spines,  are  distinguished  from  them  by 
belonging  to  the  epidermis  only,  and  therefore  easily  break- 
ing ofif  smoothly,  which  is  never  the  case  with  spines ;  a 
good  illustration  is  furnished  by  the  rose  (Fig.  198  ;  see 
also  p.  6^).  An  important  class  of  these  subsidiary  organs 
are  hairs — delicate  appendages  of  the  epidermis  which  are 

*  [Tendrils  and  spines  may  also  lx)th  be  metamorphosed  stipules  ;  the 
former  is  jjenerally  believed  to  be  the  morphological  nature  of  the  ten- 
drils in  the  Cucurbitacese ;  the  latter  is  the  case  in  the  *  acacia-tree,' 
Robinia  (Fig.  184,  p.  103).  In  Lathyrtts  Aphaca  (Fig.  146,  p.  92), 
the  whole  of  the  leaf  is  converted  into  a  tendril ;  but  more  frequently 
only  the  upper  pinnoe  of  a  compound  leaf,  as  in  many  Leguminosie, 
or  the  extended  mid-rib,  as  in  G/f^rwm.— Ed.] 
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sometimes  very  thinly  scattered,  when  [if  they  are  moderately 
stiff]  the  part  which  they  cover  is  said  to  be  setose  or  hispid^ 
hirsute  [when  the  hairs  are  longer],  pubescent^  or  villous 
[when  the  hairs  are  thicker  and  softer,  according  as  they 
are  shorter  or  longer];  silky  [when  they  are  very  long  and 
delicate]  as  in  the  young  leaves  of  the  aspen  ;  woolly  as  in 
some  species  of  Primula ;  tomentose  as  on  the  underside  of 
the  leaves  of  the  aspen,  oxfloccose,  as  in  Verbascum  Thapsus 
[when  they  are  very  dense  and  interwoven^  according  to  the 
coarseness  of  the  hairs  and  the  thickness  of  the  coat  which 
they  form].  Sometimes,  as  in  the  stinging-nettle  (Fig.  ZZ^ 
p.  62),  the  hair  contains  an  acrid  fluid,  and  is  then  called  a 
sting  \  if  the  fluid,  on  the  other  hand,  is  viscid  [or  oily],  it 
is  termed  z.  glandular  //^/r  (Fig.  92,  p.  63).  Closely  con- 
nected with  these  are  glands,  organs  which  do  not  assume  the 
form  of  a  hair,  but,  like  glandular  hairs,  secrete  a  fluid  which 
causes  the*  surface  to  become  viscous  or  glutinous  as  in 
Lychnis  viscaria  (see  also  p.  63).  Mention  should  be  made 
finally  of  scales  [or  peltate  hairs],  peculiar  flattened  hairlike 
structures,  such  as  occur  on  the  leaves  oi  Elceagnus  (Fig.  91, 
p.  63),  diXidi  Hippophc^  rhamnoides. 

THE  FLOWER. 

The  flower  is  the  organ  [or  rather  assemblage  of  organs] 
the  purpose  of  which  is  the  production  of  the  seed.  It  is 
therefore  the  reproductive  organ  of  the  plant,  and  is  mor- 
phologically a  branchlet  provided  with  leaves  of  peculiar  form. 

The  more  or  less  perfect  development  of  the  flower- 
stalk  determines  whether  the  flower  is  pedicellate  (stalked)  or 
sessile. 

Some  parts  of  the  flower  are  essential,  others  non- 
essential, according  as  they  are  indispensable  or  not  for  its 
main  purpose,  the  production  of  the  seed.  The  non-es- 
sential parts,  which  are  always  exterior,  form  together  the 
floral  envelopes  or  perianth,  and  are  separately  the  calyx  dmd. 
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corolla,  the  foirner  constituting  an  outer  whorl,  which  is 
usually  green,  and  the  latter  an  inner  ivliorl,  which  is  usually 
coloured  (i.e.  not  green),  {Fig.   199).     In  ot 


ever,  there  is  no  such  contrast  between  the  two  whorls.  One 
may  be  entirely  absent,  as  in  the  elm  [or  stinging  nettle], 
or,  if  both  are  present,  as  in  Liliacese,  [Juncaceae],  and 


IricXi  vrrtia  (grially  magDified) 

Orchideae,  they  may  not  materially  differ  in  colour  or  form  ; 
and  the  tirm  perianth  is  especially  used  in  reference  to  these 
cases.  The  essential  parts  of  the  flower  are  the  andradum 
or  stamens,  and  the  gym^ceum  or  pistil  (Fig.   200,  s,  StV 
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Thejhiif^  containing  the  see/is,  is  developed  out  of  the  latter 
or  female  organ,  after  fertilisation  by  the  pollen  formed  in 
the  stamens  or  male  organs. 

When  all  these  four  organs  are  present  in  the  same 
flower,  it  is  said  to  be  complete  or  perfect  \  if  either  is 
absent,  incomplete  or  imperfect.  The  flowers  for  example 
of  the  rose,  mignonette,  and  forget-me-not  are  perfect; 
those  of  the  willow  and  poplar,  which  have  neither  calyx 
nor  corolla,  are  imperfect.  Other  flowers  again  are  imperfect 
from  the  absence  of  one  of  the  essential  parts.  Those 
flowers  which  possess  both  stamens  and  pistil  are  herma- 
phrodite or  bisexual  \  those  in  which  either  stamens  or 
pistil  are  wanting  are  diclinous  or  unisexual  If  the  stamens 
are  present  but  the  pistil  absent,  they  are  male  or  stamincUe 
(Fig.  201) ;  if  on  the  other  hand  the  pistil  is  present  but 
the  stamens  absent,  they  are  pistillate  ox  female  (Fig.  202)  \ 
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Fig.  20^. — Neuter  flower  of 
Centaurea  Cyanus. 


Fig.  204. — Floral  diagjam  of  a  cruciferous 
flower ;  k  calyx  :  b  corolla  ;  s  stamens  ; 
St  bilocular  ovary  (see  a  bo  Fig.  200). 


whiie  flowers  which  possess  neither  pistil  nor  stamens,  as  the 
outermost  flowers  of  the  capitula  of  the  com  blue-bottle, 
Centaurea  Cyanus  (Fig.  203),  are  sterile  or  neuter.  If 
the  same  plant  bears  both  male  and  female  flowers,  the 
species  and  the  flowers  are  said  to  be  mofmcious\  dioecious 
when  the  male  and  female  flowers  are  on  different  individuals, 
and  hence  some  individuals  are  male,  others  female  ;  while 
those  plants  in  which  male,  female,  and  hermaphrodite 
flowers  are  all  found  on  the  same  individual  are  said  to  be 
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polygamous.  Examples  of  monoecious  plants  occur  in  the 
oak,  walnut,  birch,  and  Callitriche ;  of  dioecious  plants  in  the 
juniper  and  poplar ;  of  polygamous  in  the  maple,  elm,  and 
horse-chestnut. 

The  centre  of  a  perfect  flower  is  occupied  by  the  pistil, 
around  which  are  grouped  first  the  stamens,  next  the  corolla, 
and  finally  the  calyx,  arranged  in  whorls  or  spiral  lines. 
The  greatest  diversity,  however,  prevails  in  the  mutual  posi- 
tion of  the  individual  organs,  which  is  best  recognised  by  a 
longitudinal  section  of  the  flower,  and  by  the  floral  diagram 
or  cross  section.    In  Fig.  204,  for  example,  which  represents 


Fig.  205. — Diagram  of  the  flower 
of  Rhatntnis  Frangula  ;  with 
five  valvate  sepals,  five  folded 
petals,  five  stamens  opposite  the 
petals,  and  a  trilocular  ovary. 


Fig.  206. — Diagram  of  the  flower  of  Ranuti' 
cuius  acris ;  with  five  imbricate  sepals,  five 
imbricate  petals  alternate  with  the  sepals  (both 
quincuncial),  a  very  large  number  of  stamens, 
and  a  large  number  of  distinct  carpels. 


diagrammatically  the  cross  section  of  a  cruciferous  flower,  it 
is  seen  that  the  calyx,  k,  consists  of  two  whorls,  each  of  two 
leaves,  with  alternate  aestivation;  the  corolla,  b,  of  one  whorl 
of  four  leaves  with  imbricate  aestivation ;  while  the  androecium, 
s,  also  consists  of  two  whorls,  the  outer  one  of  two,  the  inner 
one  of  four  stamens.  The  leaves  of  the  corolla  alternate 
with  those  of  the  calyx ;  the  stamens  of  the  inner  whorl  stand 
in  front  of  (in  other  words,  are  opposite  to  or  superposed 
upon)  the  leaves  of  the  corolla,  the  two  outer  *  ones  being 

I 
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alternate  with  them.    The  diagrams  Figs,  205,  206 '  brii^ 
out  analogous  points  of  structure. 

All  the  different  parts  of  the  flower  frequently  stand  free 
on  the  base  or  rueptaele  of  the  flower,  as  in  the  various 
species  o(  Hanunatlus,  but  are  often  coherent  or  adherent  to 
one  another.  Thus  in  the  dead-nettle,  borage,  &c,  the 
stamens  are  adherent  to  the  corolla,  and  in  Daphne  (Fig, 
207)  to  the  perianth ;  in  the  Malvaceae  (Fig.  275,  p.  139)  the 
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filaments  of  the  stamens  are  coherent  in  their  lower  part  into 
a  tube  J  in  Orchidese  the  single  stamen  is  adherent  to  the 
pistil,  Ac.  When  the  calyx,  corolla,  and  stamens  adhere  to 
one  another  at  their  base,  the  flower  is  said  to  be  calyciflorai 
(Fig.  208)  ;  thalamifloral  when  the  various  parts  stand  free 
on  the  receptacle  (Fig.  209). 

Special  importance  is  attached  to  the  relative  positions 
of  the  perianth- whorls  and  stamens  in  relation  to  the  pistil, 
or  to  their  insertion  ;  the  ovary  [the  lower  part  of  the  pistil] 
being  inferior  or  superior  in  relation  to  the  superior  or 
inferior  calyx,   corolla,  and  stamens.    Thus  the  ovary  is 
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superior  or  free,  as  in  Ranunculus  (Fig.  209)  or  Mhamnus 
(Fig.  zo8),  when  the  remaining  parts  of  the  flower  are 
attached  to  or  below 
its  base,  and  are  con- 
versely inferior  or  ky- 
pogynous.  The  ovary 
on  the  other  hand  is 
inferior  when  the 
other  parts  of  the 
flower  are  attached 
to  its  upper  part,  and  p,^  «^_i.,.„^,udin= 
are  therefore  supe-  ^1 '^'^oroi  a '  and^L-™ 
rior,  adherent,  or  epi- 

gynmis,  as  in  Mesemhryantkemum  (Fig.  zio).  The  ovary, 
finally,  is  hilf-inferior  when  the  other  parts  of  the  flower 
are  coherent  at  their  base,  and  thus  form  a  tube  which  sur- 


a  ifk-^  Longitudinal 


rounds  the  free  pistil,  as  in  the  rose ;  the  calyx,  corolla,  and 
stamens  then  having  a  half-superior  tyr ptrigynmis  '  insertion. 

'  (Practically  the  lenti  perigytums  is  used  in  English  descriplive  bo- 
lany  with  reference  to  the  stamens  (o  express  their  union  to  the  calyx  ; 
when  attached  to  the  corolla  they  are  ipipefaloui ;  rpigynoiis  when 
attached  to  the  upper  part  of  the  ovary.  An  'inferior'  ovary  is  always 
the  result  of  the  adhesion  to  the  uall  of  the  ovary  of  a  -^iXt.  <n  'Cn^  'wWve. 
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Fig.  211.— a  Hip- 
pnris  7>ttl^aris 
with  verticillate 
inflorescence ;  b 
separate  flower 
consisting  of  a 
pistil  with  a  long 
wart-like  stigma 
and  a  single  sta- 
men (magnified). 


An  additional  point  to  note  is  that  fre- 
quently the  number  of  the  different  parts  of 
the  flower  is  not  always  the  same  in  the  same 
species.  Thus  in  Adoxa  Moschatellina  and 
Monotropa  hypopitys^  the  petals  of  the  ter- 
minal flowers  of  the  inflorescence  are  five  in 
number ;  of  the  lower  flowers  on  the  contrary 
four ;  in  Atriplex  the  perianth  of  the  female 
flowers  is  two-leaved,  while  that  of  the  male 
and  polygamous  flowers  is  three  to  five- 
leaved. 

THE   INFLORESCENCE. 

The  flowers  stand  either  solitary  or  grouped 
together  according  to  a  definite  law,  on 
branched  or  thickened  flower-stalks.  Such  a 
group  of  flowers  is  termed  an  inflorescence \ 
[the  common  stalk  of  the  inflorescence  is 
then  the  peduncle^  the  separate  stalks  of 
the  individual  flowers  pedicels,  and  the  axis 
of  the  inflorescence  the  rachis\  Solitary 
flowers  are  usually  seated  each  in  the  axil  of 
a  leaf  or  bract  as  in  the  deadly  nightshade, 
Atropa  Belladonna^  less  often  at  the  apex  of 
the  stem  as  in  Paris  quadrifolia,  or  of  a  scape 
as  in  the  tulip.  In  some  plants  with  verticil- 
late  leaves  a  single  flower  is  produced  in  the 


of  the  calyx  ;  when  the  whole  is  adherent,  the  calyx- 
limb  is  then  obsolete^  as  in  many  Umbellifene ; 
when  only  a  portion,  then  the  calyx-limb  is  said  to  be 
superior,  or  half-superior,  as  the  case  may  be.  The 
term  cohesion  is  used  to  express  the  union  of  similar 
parts,  as  stamens  with  stamens,  or  petals  with  petals ; 
adhesion  the  union  of  dissimilar  parts,  as  stamens  with 
corolla,  or  calyx  with  ovaiy.  In  German  the 
same  term  is  used  for  both.  — Ed.] 
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axil  of  each  of  the  leaves,  when  the  flowers  form  a  true 
■whorl,  as  in  Hippuris  {Fig.  211). 

The  common  peduncle  of  the  inflorescence  is  sometimes 
extremely  abbreviated,  the  sessile  or  very  shortly  pedicelled 
flowers  standing  upon  it  very  closely  crowded,  as  in  the 
clover  (Fig.  212).  The  form  of  the  inflorescence  is  then 
dependent  on  the  nature  of  the  termination  of  the  peduncle. 


The  common  receptacle,  or  surface  from  which  the  in- 
florescence springs,  is  sometimes  flattened  out,  and  some- 
times swollen  into  a  more  or  less  hemispherical  form  (Figs. 
213,  214);  these  two  variations  being  especially  common 
in  the  order  Composite,  and  characterising  the  capitulum  ; 
or  it  is  sometimes  hollowed  out  into  a  pitcher-like  form,  as 
in  the  fig  (Fig.  21$),  constituting  a  hypanthodium;  or  the 
separate  flowers  are  buried  in  the  fleshy  receptacle,  when  it 
becomes  a  cmiianthium,  as  in  Derstenia  (Fig.  216),  The 
receptacle  itself  is  usually  solid,  but  may  be  hollow  (,Fv^  ^'^'i^'i 
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it  may  be  naked,  or  setose,  i.e.  clothed  with  bristles  (Fig.  2 1 7), 
or  covered  with  hair-like  bracts  gx  palem  when  it  Kpaieaoo^is 
(Fig.  2i8),  or  fm- 
briatedyoT  it  may  be 
fitted  with  small  ex- 
cavations. All  these 
forms  of  receptacle 
occur  in  different 
genera  of  Compositae. 
The  capitulum  is 
most  commonly—  in 
Compositse  [and  Dip- 
sacacefe]  always  ^en- 
closed at  its  base  in 
a  common  involucre, 
consisting  of  crowded 
bracts,  sometimes 
arranged  in  several 
whorls,     and     then 
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usually  imbricate  {Fig.  Z19).     In  many  plants  (especially 
Composite)  in  which  the  flowers  are  arranged  in  capitula. 


Tt^ 
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the  marginal  flowers  of  each  capitulum  are  larger  and  more 
conspicuous  than  the  iutemal  ones,  and  the  capitulum  is 
then  said  to  be  rayed  [the  outer  flowers  being  termed  flowers 
QT florets  qft/uray,  the  inner  ones  flowers  ot  florets  of  the  disc\, 
as  in  the  chamomile  (Fig.  214),  single  aster,  marigold,  &c. 

The  umbel  resembles  the  capitulum  in  the  far.t  of  the  stem 
terminating  in  a  number  of  flowers,  but  each  separate  flower 
is  stalked.  The  umbel  is  simple  when  the  main  stem  or 
peduncle  ends  in  a  number  of  separate  stalked  flowers,  as 
in  the  cherry  (Fig.  220),  compound  v/hen  it  branches  into  a 
number  of  secondary  umbels  or  umbelluies  {Fig.  221)  [as  in 
the  majority  of  genera  of 
Umbellifene].  The  main 
umbel  is  generally  sur- 
rounded at  its  base  by  a 
whor!  of  bracts,  again 
tj"^  called  an  involucre,  while 

the    whorl    surrounding 
each   of  the   secondary 
umbels  is  an  involucel  or 
p     „     ^  ,      .  ,  ,  (  ,        ,      partial  involucre.  Either 

F  G    as   — Cooipcund  umbel  of  fool  a  parsley     ^ 

^ihosa  yUf-.n  cummon  mvoiuc  eian.  of  the  two  may,  however, 
be  wanting,  or  may  con- 
sist of  a  smaller  or  larger  number  of  leaves.  Thus  the  carrot 
has  both  involucre  and  involucels,  each  consisting  of  a  large 
number  of  bracts  ;  the  fool's  parsley,  j€,thusa  rynapium  (Fig. 
22i),  has  involucels,  but  no  general  involucre;  the  fennel 
neither  one  nor  the  other.  The  length  of  the  separate 
pedicels  may  vary  greatly,  so  that  the  umbel  becomes 
spherical,  hemispherical,  or  flat  ;  or  it  may  be  rayed  like  the 
capitulum  [as  in  Herachmn,  where  the  outer  flowers  of  each 
umbellule  are  larger  than  the  inner  ones]. 

In  the  spike,  the  common  peduncle  or  rachis  bears  a 
number  of  flowers,  arranged,  in  the  simple  spike  (Fig.  222) 
opposite  one  another,  in  whorls,  or  spirally,  and  sessile,  or 
with  only  very  short  pedicels  ;  while,  in  the  compound  spike. 
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these  are  replaced  by  small  secondary  spikelds,  as  ia  some 
grasses.  The  individual  flowers  may  also  be  less  or  more 
crowded,  according  to  tht;  greater  or  less  elongation  of  the 
rachis.  A  spike  with  a  thick  fleshy  rachis,  and  enveloped 
in  a  large  bract  growing  at  its  base,  as  in  Arum  or  Calla,  is 
termed  a  spadix,  and 
the  enveloping  bract 
z.spathe.  A  deciduous 
spike  with  weak  ra- 
chis [and  unisexual 
flowers]  is  a  calkin 
or      amentum     (Fig. 


223)  ;  while  a  cone  (Fig.  224) '  or  strohilus  is  a  spike  in  which 
the  rachis  and  bracts  have  become  partially  lignified  [or 
the  bracts  are  membranous]. 

The  raceme  is  distinguished  from  ihe  spike  by  its  separate 

'  [The  cone  of  Coniferre  is  here  referred  to  as  an  inflorescence,  as  is 
alio  the  case  in  some  of  the  best  English  text-books  ;  according  to  the 
most  recent  investigations,  however,  it  is  not  a  collection  of  flowers,  but 
a  fruitor  '  pseudocarp '  resulting  from  a  single  flower.  In  the  hop  we 
have  an  instance  of  a  true  strolnliis  with  membranous  braste. — ^'q\ 
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flowers  being  stalked.  A  compound  raceme  or  panicle,  as 
in  the. oat,  is  distinguished  from  a  simple  raceme  (Fig.  225) 
by  the  individual  flowers  on  the  rachis  being  replaced  by 
secondary  lucernes  ;  when  very  much  branched  [and  pyra- 
midal in  shape]  as  in  the  lilac  [or  horse  chestnut]  it  is  called 
a  thyrse.    When  the  lower  and  outer  flowers  are  borne  on 


pedicels  which  are  so  much  longer  than  the  upper  and  inner 
ones  that  the  whole  inflorescence  is  more  or  less  nearly  flat- 
headed,  it  becomes  a  corymb,  as  in  the  undeveloped  raceme 
of  many  Crucifers  [like  the  wall-flower,  or  in  the  elder].  In 
the  inflorescences  of  many  species  of /uncus  and  Luzula  the 
pedicels  of  the  lower  flowers  are  so  greatly  lengthened  that 
they  rise  even  above  the  upper  ones,  and  the  tenn  anfhela  is 
then  given  to  the  inflorescence.  The  mode  of  development 
of  the  anthela  corresponds  to  that  of  the  sympodium  (see 
p.  76).  The  panicle  often  pwisses  over  insensibly  into  the 
compound  umbel.  In  the  cyme  two  or  more  branches  of 
equal  strength  spring   from  beneath  a  terminal  flower ;  it 


The  External  Form  of  Plants, 


123 


IS  globular  in  the  guelder-rose,  flat-headed  or  corymbose 
in  the  laurustinus.  Under  this  head  should  be  included 
also  the  vertiallaster,  frequently  erroneously  described  as 
a  whorl,  a  very  common  inflorescence  in  the  I^biatae, 
in  which  the  flowers  of  two  cymes,  often  but  imperfectly 
developed  and  borne  on  opposite  sides  of  the  stem  in 

A  B 


the  axils  of  opposite  leaves, 
appear  as  if  encircling  the 
stem.  Similar  undeveloped 
closely  crowded  cymes,  termed 
glomeruli,  occur  in  Valerian- 
ella.  When  a  cyme  is  de- 
veloped only  on  one  side,  and 
in  the  young  state  is  rolled  up 
in  a  circinate   manner,   it  is 

Fig.  927.- a,  Cyniose  inflorescence  of  called   a  SCOrpioid  Cytfie^   aS   in 

Myosotis',  B,  diagrammatic  represen-  ,         -  ^    a.  ixr^'^  ^\ 

tation  of  the  order  of  development  of  the    tOrget-mC-not  (rig.    227); 

th«  flowers  in  the  scorpioid  cyme.  ^^^^    ^j^^^^g    branching   intO 

two  arms  of  equal  strength,  with  a  flower  in  the  angle,  as 
in  most  Caryophyllacese,  it  is  a  dichotomous  cyme].  The 
great  variety  of  different  kinds  of  inflorescence  is  increased 
and  rendered  more  complicated  by  the  combination  of  some 
of  those  here  described.^ 

'  [The  best  primary  classification  of  inflorescences  is  into  (i)  tnde- 
Jinitc  or  centripelal^  in  v^hich  the  lowest  flower  or  that  furthest  from,  tfcfc 
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THE  CALYX. 

The  calyx  is,  in  its  most  perfect  form,  the  protecting 
envelope  lor  the  interior  more  delicate  parts  of  the  flower ; 
and  may  therefore  be  compared  to  bud-scales.  In  some 
plants,  as  in  the  Umbelliferae,  it  is  but  slightly  developed, 
the  calyx-limb  being  obsolete,  and  its  teeth  scarcely  visible 
.on  the  margin  of  the  inferior  ovary.*  The  more  perfectly 
developed  calyx,  which  is  generally  green,  consists  usually 
of  only  a  single  whorl  of  leaves  or  sepals  ;  less  often,  as  in 
the  strawberry  (Fig.   228),  of  two  ;  or  occasionally,  as  in 

Gossypium,  of  three  whorls.  In  a  few- 
instances — among  Dicotyledons  in  the 
fuchsia,  larkspur,  Tropceolu?n,  &c. — the 
calyx  is  coloured  ;  but  the  whole  of  the 
floral  envelope  might  in  these  cases  be 
spoken  of  as  a  perianth,  as  is  usually  the 
case  with  Monocotyledons. 

The  calyx  is  said  to  be  mmosepalous 

Fig.  228. — Flower  of  the  7  r-  11  1  ■• 

strawberry,  with  calyx  or  synscpalojis  [m    oldcr   works  on  de- 

in  two  rowb.  •    i*  1      ^  c  i  n         1 

scnptive  botany  *  monosepalous  J,  when 
the  leaves  of  which  it  is  composed  are  more  or  less  coherent 
at  the  base  :  aposepaloiis  or  eleutherosepalous  [in  older  works 
*  polysepalous  '],  when  they  are  completely  distinct.  It  may 
also  be  regular  or  irregular ;  but  the  irregular  calyx  is  almost 
always  symmetrical^  that  is,  it  can  be   divided   into   two 

apex  opens  first,  and  then  the  rest  in  regular  succession  ;  and  (2)  definite 
or  centrifugal^  in  which  the  order  of  development  is  the  reverse,  the 
central  flower  opening  first.  To  the  second  class  belong  the  cyme  and 
its  varieties  ;  to  the  first  most  of  the  other  kinds  of  inflorescence.  In  the 
capitulum  of  some  Dipsacacese  we  get  a  combination  of  the  two, — Ed.] 

*  See  note,  p.  115. 

*  [This  term  is  used  in  most  English  text -books  in  a  different  sense, 
to  express  a  relationship  in  number  between  the  sepals,  petals,  and 
stamens.  If  these  are  the  same  in  number,  or  a  multiple  of  the  same 
number,  as  in  Saxi/raga,  5,  5,  5,  or  Fuchsia,  4,  4,  8,  the  flower  is  said 
to  be  *  symmetrical ;'  if  this  is  not  the  case,  as  in  Cruciferse,  4,  4,  6,  or 
Labiatae,  5,  5,  4,  it  is  said  to  be  *unsymmetrical.' — Ed.] 
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parts,  so  that  each  one  is  exactly  similar  to  the  other  re- 
versed. The  regular  gamosepalous  calyx  may  be  rotate 
[or  with  the  limb  expanded  like  a  wheel],  turbinate  or  top- 
shaped,  urceolate  or  urn-shaped  (Fig.  229),  infundibuli' 
form  or  funnel-shaped,  tubular  or  cylindrical,  inflated  (Fig. 
234),  [canipanulate  or  bell-shaped],  &c.  The  margin  or 
edge  of  the  calyx  may  also  be  toothed^  lobed^  or  incised^  accord- 
ing to  the  depth  to  which  it  is  cut.  The  number  of  teeth 
has  also  to  be  taken  into  account,  when  the  calyx  is  said  to 
be  bifidy  trifidy  multifid^  &c. ;  01  in  the  case  of  aposepalous 
calices  the  number  of  separate  sepals,  when  it  is  bisepalous, 


II 


Fig.  229.— I.  Turbinate;  II.  urceolate  Fig.  23a — Bilabiate  five-toothed  calyx 

calyx  (represented  diagrammatically).  oi  Lamium, 

trisepalous,  polysepalous^  &c.  Among  irregular  forms  of 
the  calyx  an  especially  common  one  is  the  bilabiate^  or  two- 
lipped  (Fig.  230),  a  gamosepalous  calyx  divided  by  two 
deep  incisions  into  an  upper  and  lower  division  or  lip 
[particularly  characteristic  of  the  order  Labiatae]  ;  and  not 
unfrequent  are  the  spurred  (Y\g.  231),  furnished  with  a  larger 
or  shorter  hollow  appendage  or  spur  [as  in  TropcBolum  and 
Jmpaitens']',  and  the  saccate  (Fig.  232),  which  occurs  fre- 
quently in  Cruciferae,  and  consists  of  four  distinct  sepals* 
two  of  which  are  gibbous  at  the  base. 

As  respects  its  persistence,  the  calyx  may  be  caducous, 
when  it  is  thrown  off  at  the  time  of  expansion  of  the  flower, 
as  in  the  poppy  (Fig.  '233) ;  deciduous^'  when  it  falls  of[  a.^ 
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the  same  time  as  the  corolla;  or  persistent  [when  it  remains 
after  the  corolla  has  fallen].  The  calyx  generally  leaves  a 
smooth  scar  when  it  falls  off;  less  often,  as  in  Datura  and 


Flc  isi.-SpuTrtdeaiyiof  7V<i/OT/iim.  Fic.»3i.-S»ecaiica1yiL  orinwuili. 

Porttilaca,  the  lower  part  remains  attached  like  a  niffle. 
The  persistent  calyx  often  retains  its  form  unchanged, 
as  in   the   sfawberry ;    but,  sometimes,  as  in  the  winter- 


cherry,  Physalis  Alkekmgi  (Fig.  234),  it  increases  in  size  [or  Is 
tni\,  and  fonhs  a  membranous  sack  which  envelope? 
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the  fruit.  Sometimes  it  even  takes  part  in  tlie  formation  of 
the  fruit,  as  in  Trapa,  the  four  homs  of  the  fruit  being  here 
formed  by  the  lignification  of  the  calyx-teeth.'  Particularly 
noteworthy  is  the  production  of  ^apapptis  from  the  Hmb  of 
the  calyx.  This  peculiar  form  is  especially  characteristic  of 
Composite  ;  the  calyx  continues  to  grow  after  the  withering 
of  the  corolla,  and  either  a  crown  of  simple  hairs  ot  pilose  pap- 
pus (Figs.  235,  236),  or  a  plumose  pappus  of  branched  hairs 


7,  238),  is  formed  from  its  teeth,  and  subse- 
quently crowns  the  fruit  The  pappus  may  either  be 
sessile  as  in  the  groundsel  (Fig.  235),  or  jft)t/i'(7/(!as  in  the  dan- 
delion (Fig.  236),  from  the  development  of  the  upper  part 
of  the  calyx-tube,  in  the  form  of  a  stalk  which  bears  the 
feathery  crown.  The  pappus,  again,  may  be  dentate,  or 
coronate  (Fig.  239),  the  calyx-teeth  remaining  in  the  latter 
case  undeveloped,  and  being  transformed  into  small  broad 
hairs  which  form,  as  it  were,  a  crown  to  the  fruit  In  addi- 
tion to  the  Compositie,  instances  of  a  pappus  occur  in 
Valerianaceae  and  Dipsacacese.      The  chicory,   Ciekorium 

'  [The  fleshy  calyi-tube— or,  as  some  think,  the  receptacle— ol  the 
rose,  apple,  pear,  &c.,  anites  with  the  pistil  to  form  a  pseildocaip  (see 
p.  I46).-Ed.] 
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Intybus,  furnishes  an  illustration  of  a  coronate,  the  artichoke 
and  Scorzonera  of  a  plumose  sessile,  the  goatsbeard,  Trago- 


pogon,  of  a  plumose  stipicate,  the  common  thistle,  Cnicus,  of 
a  pilose  sessile,  the  dandelion  of  a  pilose  stipitate  pappus. 


THE  COROLLA, 

The  leaves  of  which  the  corolla  consists,  or  petals,  are, 
as  a  rule,  much  more  delicate  than  those  of  the  calyx,  and 
are  usually  coloured,  i.e.  white  or  some  bright  colour  in 
contradistinction  to  green.  The  colour  of  the  corolla  is, 
however,  of  subordinate  importince,  and  is  often  variable  in 
the  same  plant.  The  corolla  of  Pulmonarta,  for  example, 
is  red  when  it  first  opens,  and  afterwards  becomes  violet 
[that  of  Cob.ea  scandens  ^an^&%  gradually  from  pale-green 
to  purple],  while  that  of  Hibiscus  abelmoschus  is  white  in  the 
morning,  pale  red  by  mid-day,  and  rose-red  in  the  evening.' 

'  [In  many  species  also  the  colour  varies  in  different  individuals  ;  thus 
the  corolla  of  Campanula  rotundifolia,  usually  blue,  is  occasionally 
while  ;  that  of  Erica  trlralix,  usually  rose-coloured,  is  also  occasionally 
white ;  while  that  of  Polygaia  vutgarU  is  indifferently  white,  blue,  or 
rose-coloured.  ^E  D.  ] 
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It  is  unusual  for  the  corolla  to  be  green  ;  in  the  grape-vine 
il  is  yellowish  green.  Certain  plants,  however,  which  have 
normally  a  bright-coloured  corolla,  produce  occasionally  a 
green  one,  as  occurs  in  Hydrangea  and  Haperis. 

The  corolla  is  ganwpHaloui  or  sympetalous  fless  cor- 
rectly 'monopetalous'],  when  the  petals  are  more  or  less 
coherent ;  apopetalous  or  drutheropetaloiis  [less  correctly 
'  polypetalous '],  when  they  are  perfectly  distinct ;  regular 
when  they  are  all  alike  ;  irregular  when  one  or  more  differs 
from  the  rest  in  size  or  form  ,  but  in  the  latter  case  the 
corolla  is  always  symmetrical 

The  principal  forms  of  the  gamopetatous  corolla  are  glo- 
bose as  in  Erica  tetralix  {Fig.  240) ;  urceolak  or  urn-shaped 
jA  as  in  the  bilberry{Fig.  241)  ;  campanii- 

f^^^  l<^ii  Of  bell-shaped  as  in    Campanula 

^   J  (Fig.  242);  i'lfundibuliform  or  funnel - 

3|^  shaped  as  in  Convolvulus  arvensis  (Fig. 

a.  ;4c>.-C1°b<Hi:  corolla  of  , 
IrUa  UtraliJi  (m^roified). 


243) ;  tubular  as  in  the  '  florets  of  the  disc '  of  many  Com  - 
IKKitJi  (Fig.  244);  rotate  as  in  the  borage  (Fig.  245);  Aypo- 
irateriform  or  salver-shaped  as  in  the  jasmine  (Fig.  247); 
ligulale  or  strap-shaped  as  in  the  '  florets  of  the  ray '  of  many 
Composits:  (Fig.  246) ;  bilabiate  as  in  most  LabiatK  (Fi^ 
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248),  where  the  corolla  is  divided  into  an  upper  and  a  lower 
lip,  llie  fomier  having  two  and  the  latter  three  teeth  [repre- 
senting the  five  petals].  When  the  two  lips  are  widely  sepa- 
rated, as  in  the  figure, 
the  corolla  is  said  to 
be  ringeiit  \  while,  if 
the  mouth  is  closed 
cushion -like  for- 
the  under, 
lip,  called  iht  palate, 


— Ijgulwe  CO-    ] 

as  in  Antirrhinum  (Fig.  249),  the  corolla  is  said  to  be/w, 
senate.     [The  corolla,  like  the  calyx,  may  be  spurrei    as 
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in  Viola  and  many  orchises,  or  hooded,  as  in  the  monks* 
hood]. 

The  form  of  the  apopetalous,  like  that  of  the  gamo- 
petalous  corolla,  varies,  and  may  be  globose,  campaniilate, 
rotate,  &c. ;  but  the  most  important  point  to  note  in  it  is 
the  form  and  the  relative  position  and  number  of  the  petals. 
As  respects  their  form,  they  may  be  entire  as  in  the  apple ; 
obcordate  as  in  yEthusa  cynapium  \  toothed  or  fringed  as  in 
many  Caryophyllaceae  (Fig.  250) ;  fimbriate  as  in  Dianthus 


Fig.  250. — Unguiculate  petal  Fig.  251. — Bifid  unguicu-  Fig.  252.  —  Cruciform 
of  Dianthus^  with  toothed  late  petal  of  Lychnis ^  flower  of  Lunaria 
lamina.  with  ligule.  with  unguiculate  pe- 

tals. 

plumartus]  bifid  zs,  in  Lychnis  diurna  (Fig.  251) ;  unguiculate 
(Figs.  250-252),  when  the  petals  are  very  narrow  in  the 
lower  part,  which  forms  a  claw  or  unguis^  while  comparatively 
broad  in  the  upper  part  or  lamina,  &c. 

There  are  several  forms  of  the  apopetalous  corolla  which 
are  of  especially  common  occurrence,  and  therefore  worthy 
of  note  [and  which  are  frequently  characteristic  of  large 
natural  groups]  :  viz,  the  cruciform,  papilionaceous,  caryo- 
phyllaceous,  rosaceous,  and  the  less  common  but  very  re- 
markable mitraeform.  In  the  cruciform  corolla  (Fig.  252), 
characteristic  of  the  large  natural  order  of  Cruciferae,  we  find 
four  unguiculate  petals  arranged  in  the  form  of  a  cross,  and 
alternating  with  the  four  sepals.  The  papilionaceous  corolla 
(Fig.  253),  confined  to  the  division  Papilionact^fc  ol  \}cv^  o\^«^ 

K  2 
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L^uminosse,  consists  of  five  petals,  of  which  one,  the  stan- 
dard or  vexillum,  the  uppennost,  is  usually  the  largest ;  at 
its  sides  are  the  two  wings  or  alx ;  while  the  lowermost 


part  of  the  corolla,  the  keel  or  carina,  consists  of  two  petals 
often  more  or  less  united  above,  and  usually  enclosing  the 
stamens  and  pistil.  The  caryophyllaceous  corolla  (Figs.  254, 
25s)  consists  of  five  petals  with  long  ungues  attached  to  the 


base  of  a  gamosepalous  [or  sometimes  aposepalous]  calys, 
[and  each  of  the  petals  is  often  furnished  with  an  appendage 
inown  as  the  ligule,  (Fig    251)  and  forming  together  the 
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corond\.  The  rosaceous  corolla  (Fig.  256),  consists  of  five 
petals  which  are  not  unguiculate,  with  perigynous  adhesion, 
i.e.  attached  to  that  part  of  the  urceolate  or  hypocrateriform 
calyx  where  tlie  separate  sepals  spring  from  the  coherent 
base,  and  is  especially  characteristic  of  a  section  of  the  order 
RosaccEe.     The  mitra/orm  corolla  (Fig.  257)  which  occurs 


Pig,  156.— Longitudinal 


in  the  grape  vine,  consists  of  five  petals  which  are  coherent 
at  their  tips,  and  become  detached  at  their  base  on  the  ex- 
pansion of  the  flower,  thus  covering  the  inner  petals  of  the 
flower  like  a  cap. 

The  petals  usually  break  off  when  they  fall  by  an  articu- 
lation at  their  base,  but  often  remain  attached  and  wiiliered, 
as  in  Campanula  [when  they  are  said  to  he  niarcescen(\.  The 
corolla  never  takes  any  part  in  the  formation  of  the  fruit,  as 
is  sometimes  the  case  with  the  calyx, 

THE   PERIANTH. 

When  the  Perianth  {i.e.  the  two  floral  envelopes,  the 
calyx  and  corolla)  is  green,  as  in  the  elm  and  Rumex  (Figs. 
358,  259,  260),  it  is  said  to  be  sepaloiil]  when  bright- 
coloured  or  white,  as  in  Orchideje  and  Liliacere  (Fi^,  iftvY"*, 
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is  pHaloid;  the  dry  scarious  perianth  of  grasses  hgliima- 
ceous ;  that  of  the  catkins  of  many  forest-trees  scaly.  Simi- 
lar terms  may  be  applied  to  the  pe- 
rianth as  to  the  calyx  and  corolla,  with 
respect  to  the  fomi,  size,  number,  and 
arrangement  of  its  separate  parts.  It 
may  be  gamophyllous  or  symphyllous 
['  monophyllous  ']  on  the  one  hand  ;  or,  on 
the  other  hand,  apophylloiis  or  eleulha-o- 
,  phyllous  ['  polyphyllous '].  It  may  be  deci- 
duous, as  in  orchis,  or  persistent,  and  may 
then  become  accrescent  and  dry  as  in  the 
hazel-nut,  or  succulent  as  in  the  mulberry. 
\-  In  the  latter  cases  and  some  others,  as 
Rumex  and  Hippophae,  it  takes  an  impor- 


Di  (magnilied). 

tant  part  in  the  formation  of  the  fruit.  [Under  this  head 
come  the  palece  and  lodiailes  of  grasses,  and  the  perigynium 
of  sedges.] 


SUBSIDIARY  ORGANS   OF  THE   FLOWER. 

By  subsidiary  organs  are  meant  appendages  to  the  flower 
of  various  kinds  which  cannot  be  included  eitrier  among 
the  floral  envelopes  or  the  essential  organs  of  the  flower. 

The  corona  or  paracorolla  is  a  wborl  of  leaf-like  or  fili- 
form organs,  often  brightly  coloured,  intervening  between 


T}ie  External  Form  of  Plants,  13J 

the  perianth  and  the  stamens,  and  sometimes  attached  to 
the  one,  sometimes  to  the  other.  In  the  narcissus  (Fig. 
261)  it  is  coherent 
and  bell  -  shaped, 
while  in  the  passion- 
flower it  consists  of 
a  numfcer  of  brightly 
coloured  hairs ;  in 
Lychnis  {Fig.  254, 
p.  132)  it  forms  a 
small  coronet  at  the 
base  of  the  rotate 
lamina  of  the  corolla  ; 
in  many  Borragineffi 
(Fig.  262)  it  consists 
of  five  scales  [or  sta- 
mimdis\  which  dose 
up  the  throat  of  the 
corolla-tube.  In  the 
corolla  of  Zamium  it 
assumes  the  form  of  Fm.  3 
a  circle  of  hairs ;  in 
the  grass  of  Parnas- 
sus (Fig.  263)  it  con- 
sists of  five  leaves 
which  terminate  at 
their  apex  in  from 
nine  to  fifteen  glan-  ^_- 
dular  bodies.  The 
spur{¥igs.  264,  z66), 
which  sometimes  be- 
longs to   the  calyx,    Fm.  j6i.-L<ingiti.dirHis» 

sometimes       to       the        in  mnerTraif:  "h'l" '!« 

corolla,    is  also   fre-      ^"  =  '°"P" 
quently  treated  as  a  subsidiary  organ. 

The  nectaries  must  also  be  mentioned  m  tVi\s  coYvwe.'Slvsa- 


DUgh  ihe  Hqw 
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They  are  the  part  of  the  flower  which  is  specially  con- 
structed for  the  secretion  of  honey,  but  are  in  no  sense  in- 


r' »  tC'"^t,k 


dependent  structures.  Instances  of  nectaries  are  afforded 
by  the  shallow  pits  at  the  base  of  the  perianth -leaves  of  the 
crown- imperial,  the  hollows  concealed 
by  scales  at  the  base  of  the  petals  of 
Ranunculus,  the  glands  between  the 
stamens  of  the  grape-vine  (Fig.  265), 


ofitm.nrSisnitd'r'" 


[the  spur  of  the  columbine  and  of  many  species  of  orchis, 
the  appendages  to  two  of  th'e  stamens  of  Viola,  &c]. 
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Lastly,  we  must  also  include  under  this  head  barren 
stamens  or  staminodes^  filiform  bodies  placed  either  within 
or  without  the  perfect  stamens,  but  not  furnished,  like  them, 


Fig.  366. — Longitudinal  section  of  flower  of  larkspur,  with  spurred 
calyx  and  corolla  (magnified). 

with  anthers  at  their  apex.  Examples  occur  in  [the  female 
flowers  of]  the  bay  Laurus  nobilis^  in  Illecebrum^  Erodium^ 
Samolus^  [the  borage  (Fig.  262)  according  to  some],  &c. 


THE  ANDRCECIUM   OR   STAMENS. 

The  Stamens  consist,  in  their  most  perfect  form  (Fig. 
267),  of  a  longer  or  shorter  filiform  stalk,  ih^  filament,  which 
bears  at  its  apex  the  anther. 
The  filament  usually  divides 
the  anther  into  two  halves,  the 
auther-lobes.  The  part  of  the 
filament  which  is  inserted 
between  the  anther-lobes  is  - 
called   the  connective^  and  is 

sometimes    divided   into    two  f,g.  aer.-Stamen  of  F,g.   268.-  stamen 

arms,  which  are  often  greatly  if-^iy^'d^leUd  ;L'?"^S,^th 

elongated,    and    are    either    of    connective    (magni-    branchmg   connect 
.  tied).  tive  (magnified). 

equal  length,  as  m  the  horn- 
beam (Fig.  268),  hazel-nut,  alder,  birch,  and  lime,  or  occa- 
sionally of  very  unequal  length,  as  in  Salvia  (Fv%,  a^^» 


!  3  8  Structural  atid  Physiological  Botany. 

The  connective  usually  ends  with  the  anther-lobes,  and 
these  latter  are  then  placed  at  the  extremity  of  the  filament ; 
or  less  often,  it  grows  beyond  the  anther,  as 
in  Paris  quadrifolia,  where  the  anther  appears 
to  be  attached  to  the  middle  of  the  stamen 


[or  the  violet,  where  it  forms  the  orange  tip  to  the  sta- 
mens]. Since  the  essential  part  of  the  stamen  is  "Cnt  pollen, 
which  is  developed  within  theanther,  the  filament  may  be  en- 
tirely wanting,  as  in  Orchideae,  Ver- 
bena  (Fig.  271),  [and  Ftola],  when 
the  anther  is  said  to  be  sessile.  In 
the  Grasses  (Fig.  270),  the  anther  is 
fixed  transversely  to  the  filament. 

Of  great  importance  in  connec- 
tion with  classification  are  the  mode 
of  attachment  and  number  of  the 
stamens,  as    well    as    the    relative 
lengths  of  the  filaments.     For  ex- 
ample, with  but  few  exceptions,  all 
I^biatK  [Scrophulariacete,  Verben- 
of  corolla  of  accK,  Gcsncracefe,  Acanthacese,  and 
ioiis'su'nie^!   ""     "'"P"'"   Bignoniacese]    have  two  short  and 
two     long     [i/icij'iianwus'\     stamens 
(Figs.  271,  273)  ;  all  Cruciferte  (Fig.  274)  two  short  and  four 
long  \lelrady>ia»wus\  It  must  also  be  noticed  whether  all  the 
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filaments  are  distinct  to  their  base  or  not.     Sometimes  the 
whole  of  the  filaments  are  united  into  a  tube  or  sheath 


\iiwnadelp}wus\  as  in  MalvaceK  {Fig.  275)  and  many  Legu- 
minosce  ;  in  other  cases  into  two  bundles  \diadelphous\,  as  in 
manyl^guminosffi  {Fig, 
276);  or  into  a  larger 
number  \polyadcl- 

phous\  as  in  the  orange 
(Fig.  277)  and  Hyperi- 
cum. Again,  when  the 
filaments  are  perfectly 


Fir.  ^78 -Synmnesioiii    Fig,  ito—S 
anlhtrs    pfihlailo:  Ihe       lolxhia   sMHte   upoi 
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distinct,  the  anthers  may  be  coherent  or  united  by  their 
margins  \syngmesious\  as  occurs  in  Compositae  (Fig.  278). 
Occasionally,  the  anthers  are  sessile  upon  the  stigma 
\^ynandrous\  as  in  Orchideae  (Fig.  279).* 

The  pollen  is  formed  in  the  cavities  of  the  anther-lobes, 
which  are  termed  loculi^  and  are  most  often  two,  more  rarely 


280. — Sta-    Fig  281.— Sia-    Fig. 


men    of  Pimis 
sylvestris  with 
longitudinal 
dehiscence 
(magnified). 


men  of  bar- 
berry, the  an- 
ther opening 
by  recurved 
valves  (mag- 
nified). 

anther  opening  by 


men  of  Rho- 
dodendroji, 
each  anther- 
lobe  opening 
by-a  pore. 


Fig.  283. — Sta- 
men of  bay, 
L  aunts  no- 
bilis,  with  two 
glands  at  the 
base  of  the 
filament,  the 
recurved  valves. 


Fig.  284.— Sta- 
men of  Erica, 
the  ^  anther 
opening  by 
pores  and  bear- 
ing two  ap- 
pendages at  its 
base  (magnified). 


one  or  four  in  number,  the  anther  being  then  termed  uni- 
locular, bilocular,  or  quadrilocular.  In  most  plants  it  con- 
sists of  minute  yellow  granules,  entirely  distinct  from  one 
another;  less  often,  as  in  Orchideae  and  Asclepiadeae  (Fig. 

'  [As  respects  their  adhesion  or  mode  of  attachment,  stamens  are 
hypogynous  when  growing  directly  from  the  receptacle  beneath  the 
ovary  {Ranunculus y  Cruciferae) ;  perigynous  when  springing  from 
the  calyx  {Rasa,  Fuchsia)  ;  epipetalous  from  the  corolla  {Primula^ 
Lamium)  ;  epigynous -vcho^n  attached  to  the  upper  part  of  the  pistil  (Um- 
belliferae,  Rubia).  "With  reference  to  the  mode  of  attachment  of  the 
anther  to  the  filament,  the  former  is  basifixed  or  innate  when  attached 
by  its  base  (heath,  tulip)  ;  dorsifixed  or  adnate  when  attached  by  its 
back  (onion,  myrtle)  ;  versatile^  when,  in'  the  latter  case,  the  attach- 
ment of  the  anther  to  the  filament  is  very  slender,  as  in  most  Grasses 
(Fig.  270).— Ed.] 
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355,  p.  183),  they  are  united  into  a  waxy  mass  \ox  polliniitni]. 

On  the  maturity  of  the  anthers,  they  burst  open  or  dehisce  in 

a  manner  which  is  well  defined  beforehand.     This  usually 

takes   place   by  means  of  a  longitudinal  fissure   in  each 

anther-lobe  (Fig.  280),  longitudinal  dehiscence,  most  often  on 

the  inner  side  of  the  anther,  facing  the  pistil,  introrse,  less 

frequently  on  the  outer  side  facing  the  corolla, 

extrorse,  as  in  Irideae,  [or  precisely  at  the  side, 

lateral^  as  in  Ranunculus],    Less  common  modes 

of  opening  are  the  dehiscence  by  recun^ed  valves, 

[when  the  side  of  the  anther-lobe  is  turned  back 

as  on  a  hinge],  as  in  Berberis  and  Lauriis  (Figs. 

281,  283);  and  by  pores  (Figs.  282,  284),  as  in 

the  Ericaceae,  Folygala,  Solanum,  &c. ;  [still  less  p.,^   ^g'^  _  g^^ 

frequent  is  the  transt>erse  dehiscence,  as  in  Alche-  *»«»  of  Vacdni- 

T  WW,     with    ap- 

millaA  In  some  cases,  appendages  of  a  peculiar  pendages  at  the 

■"  /•       1       ri'i  1       J    1  X  ^^^  of  the  an- 

structure,  of  a  leaf-like  or  glandular  nature,  are  ther. 
attached  to  the  filaments,  as  in  Viola,  the  borage,  onion,  bav, 
&c.  (Fig.  283),  or  to  the  anther,  as  m  many  Ericaceae  (Figs. 
284,  285). 

The  foliar  nature  of  the  stamens  is  especially  well  seen 
from  the  fact  that  very  frequently — especially  in  many  so- 
called  double  flowers — the  stamens  are  converted  into 
petals;  or  occasionally  stamens  are  developed  instead  of 


Fig.  286. — Stages  ot'tiansiiion  between  the  petals  and  stamens  of  Rosa  centi/olia. 

petals,  as  is  often  seen  in  the  shepherd's  purse.  It  is  also 
not  uncommon  to  find  in  the  same  flower  a  gradual  transition 
between  the  stamens  and  petals,  as  occurs  normally  in 
Nymphaeaceae  and  Rosa  centifolia  (Fig.  286), 
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THE  CYNjECEUM   OR   PISTIL. 

The  Pisti!  consists,  in  its  most  perfect  form  {Fig.  287),  of 
three  parts : — the  lowermost  swollen  part,  a  hollow  cavity 
containing  the  ovules,  is  the  or^ary ;  the 
middle  slenderer  part  is  the  styie;  and  the 
uppermost  usually  thicker  part  is  the  stigma. 
The  pistil  is  composed  of 
le  or  more  organs  of  a  foliar 
ture,  the  carpels;  and  their 
number  is  almost  always  indi- 
I  cated  by  the  seams  or  sutures 
on  the  outside  of  the  ovary. 
.\  knowledge  may  thus  be  ob- 
tained of  the  constitution  of 
the  fruit,  which  is  often  charac- 
Fic.  587.— Pi^iii  of  Krr.  ■Ai^-Xxi^^  teristic  of  whole  families  of 
siyi'e.  and  siipna.  paniycuiihrougn.  plants.  Thus,  from  the  Struc- 
ture of  the  legume  (Fig.  288)  it  may  be  concluded  that  it 
consists  of  a  single  carpel ;  while  in  the  same  manner  it  is 
seen  that  the  capsule  of  Colchtcum  (Fig.  289)  is  composed  of 
three  carpels. 

If  a  suture  faces  the  centre  of  the  flower,  it  is  called  the 
ventral  suture  ;  while  one  facing  the  perianth  is  called  the 
dorsal  suture.  It  is  common  for  the  carpels  of  which  a 
pistil  consists  to  be  coherent  at  the  base  while  distinct  in 
the  upper  part,  and  we  have  then  a  single  ovary  with  several 
styles  or  stigmas,  as  in  the  apple.  As  a  general  rule  the 
style  and  stigma  are  a  prolongation  of  the  mid-rib  of  the 
carpe!,  although  exceptions  occur,  as  in  the  Papaveraceas. 
Pistils  which  consist  of  a  single  carpel  are  said  to  be  n 
carpeUary  [as  in  Leguminosse  and  Primulacete] ;  when  oi 
two  or  more  carpels  biearpellary,  iriearpellary,  polycarfel- 
lary,  &c ;  [an  instance  of  the  first  being  afforded  by  Scroph\]- 
iariaceae ;  of  the  second  by  Iridete ;  of  the  last  by  Mal- 
vaceKJ; 
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The  style  is  not  an  essential  part  of  the  pistii,  and  is 
Therefore  not  unfrequently  wanting,  as  in  the  poppy  (Fig. 
294).  When  present  it  is  usually  placed  at  the  summit  of 
the  ovary,  terminal,  but  occa- 
sionally springs  from  its  base, 
and  is  then  lateral  or  basilar,  as 


in  the  strawbeny  and  Bromus{^\^%.  290,  292). 

The  purpose  of  the  stigma  is  to  serve  for  the  detention 
of  the  polka-grains ;  and  it  is  therefore  universally  present. 
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though  it  varies  greatly  in  form.  It  may  be  capitate  or  button- 
shaped  {Fig.  287) ;  pmidllate  or  consisting  of  long  slender 
arms  (Fig.  291)  \  ptumost  ot  featJury  {F\g.  2^2)  ;  pelaloid  as  m 
Iris  (Fig.  293) ;  peltate  or  shield-like  as  in  the  poppy  (Fig. 
294) ;  filiform  as  in  Lusula ;  papillose  or 
covered  with  papillx  (Fig.  295),  &c. 

The  interior  of  the  ovary  is  occupied  by 
one  or  more  cavities  or  totuli.  Thus  the  ovary 
of  Leguminosffi  and  Primulaceas  is  nnilocular 
(Figs.    296,  298)  ;    that  of  Scrophulariacese 
and    most    Cnjciferac  bilocular  (Fig.    297) ; 
that  of  the  apple  quinquelocular,  &c 
tie.  19,.  -  Fehiiie        Within  the  loculi  of  the  ovary  are  thtovules, 
wuii  hypogjmoui  the  bodies  which  ultimately  develope  into  the 
'™''  seeds.  They  are  fixed  to  certain  parts  of  the 

wall  of  the  ovary  termed  thep/aeiniie  ;  and  are  either  sessile 
(Fig.  298),  or  are  attached  to  the  end  of  a  stalk  ot  funiculus 
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(Fig.  299).  In  a  few  cases  the  whole  of  the  interior  wall  of 
^e  ovary  or  of  the  locuH  serves  as  a  placenta,  as  in  the 
poppy  ;  or  a  single  placenta  stands  in  the  centre  of  the  uni- 
locular ovary  Hke  a  column,  as  in  Primulaceje  [when  the 
placentation  is  free  centra/] ;  more  often  certain  portions  of 
the  inner  walls  of  the  loculi,  corresponding  in  number  to  the 
carpels  and  often  projecting,  bear  the  ovules,  and  are  then 
called /arw/a/ placentas  [as  in  Fie/a  or  Jf ides] ;  [or  the  ovules 
are  attached  to  the  common  axis  of  all  the  loculi  of  a  multi- 
locular  ovary,  as  in  the  apple  or  Iris, 
when  the  placentation  is  axi/e.]  As  re- 
spects the  mode  of  attachment  of  the 
ovules  to  the  loculus,  they  may  be  either 
«-crf,  [/a(fral],  ot  pendulous. 


.  If  a  section  is  made  through  the  longer  axis  of  an  ovule, 
and  the  surfaces  examined  under  a  magnifying-glass,  it  is 
seen  that  the  ovule  consists  of  a  [cellular]  nucleus  (Fig. 
300  a)  enclosed  in  a  single  or  more  usually  in  a  double  coat 
or  itti^ment  {b,  c),  [the  outer  coat  being  designated  the 
primine,  the  inner  coat  the  seatndine].  At  the  apex  of  the 
ovule  is  a  small  orifice  through  the  integuments,  called  the 
micropyle  o\ foramen;  [and  in  the  interior  of  the  nucleus 
is  a  large  cell  called  the  embryo-sac].  With  regard  to  their 
form,  ovules  may  be  classified  into  three  kinds— the  orllw- 
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tropous  (or  atropous),  in  which  the  ovule  and  nucleus  are 
straight,  and  the  micropyle  is  exactly  opposite  the  base  of 
the  ovule  (Fig.  300,  i);  campy lotropous,  in  which  the  nucleus 
is  curved  so  as  to  bring  the  micropyle  near  the  base  (Fig. 
300,  III) ;  and  anairopous,  where  the  ovule  is  itself  inverted  so 
as  also  to  bring  the  micropyle  near  the  base,  but  the  nucleus 
remains  straight  (Fig.  300,  11),  [The  last  is  by  far  the  most 
common  foiro  of  the  ovule  ;  iUuslrations  of  the  first  are 
afforded  by  PolygonaceK ;  of  the  second  by  Caryophyllacese. 
The  point  where  the  nucleus  and  integuments  coalesce  is 
called  the  chalasa ;  in  the  anatropous  ovule  this  is  at  the 
opposite  end  to  the  hilum  (the  part  of  the  ovule  which  is  at- 
tadied  to  the  placenta),  and  is  connected  with  it  by  a  fibro- 
vascuiar  bundle,^,  called  the  rapAe\. 

THE    FRUIT. 

The  fniit  is  the  result  of  the  development  of  the  ovary ; 
but  is  usually  fonned  only  after  the  fertilisation  of  the  ovule^ 
and,  when  mature,  encloses  the  seeds  which  have  developed 
from  the  ovules.  Hence  the  product  of  an  inflorescence, 
.  such  as  a  bunch  of  grapes,  is  not  properly  a  fruit,  but  rather 
a  group  of  fruits,  each  separate  berry  or  grape  being  a 
distinct  fruit.  Collections  of  fruits  of  this  kind,  resulting 
fia^fK  f''oi"  ^^^  maturity  of  inflorescences,  are 
rfrJflTjJ*.  fj\  termed  syncarps  or  multiple  fruits,  and  maybe 
cfll^t^AC  '=l3SS'''6d  under  racemes,  spikes,  umbels,  &c 
"  '  It  is  also  not  uncommon  for  other  parts  of 
the  flower  besides  the  ovary  to  unite  with  it 
in  the  formation  of  the  so-called  'fruit' ;  and 
such  similitudes  of  true  fruits  are  called 
Srv^^'^t"utw-P^^"^'>c<"'ps-  The  rose-hip,  for  example,  is 
'"">'■  a  pseudocarp,  because  it  results  partly  front 

the  development  of  the  calyx-tube,  each  little  '  stone '  which 
is  enclosed  in  it  being  a  mature  ovary.  The  strawberry 
(Fig.  301)  is  also  of  this  character,  the  succulent  sapid  mass 
being  a  portion  of  the  receptacle  which  has  become  fleshy, 
while  the  small  so-called  'seeds'  which  are  imbedded  in  its 
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surface  are  the  actual  fruits.  The  apple  again  is  a  pseudo- 
carp  [here  termed  apome],  the  flesh  being  mainly  developed 
out  of  the  calyx-tube,'  which  even  when  in  flower  is  adherent 
to  the  ovary.  In  the  spinach  the  perianth,  in  the  oat  tlie 
glumes,  take  partin  the  formation  of  the  pseudo- 
carp.  Pseudocarps  are  sometimes  formed 
not  of  simple,  but  of  multiple  fruits.  Thus  the  1 
mulberry  (Fig.  302)  is  a  pseudo-syncarp,  result- 
ing from  the  coalescence  of  the  bracts  with  the 
perianth ;  and  the  same  is  the  case  also  w 
the  pineapple,  the  fig  {Fig.  215,  p.  118),  the  ";!— ii 
breadfruit,  &c.  ^^■^'^^ 

Additional  examples  of  Ihe  participation  of  the  ealyi   ^tm     '*" 
or  of  the  perianth  in  the  prodiiclion  of  the  fniit  have 
already  been  adduced  (pp.   126,   134).     Mention  has  yet  to  be  made 
of  (he  husk  in  which   the  hazelnut  is   seated,   (his  being  the  greatly 
'■  enlarged  perianth  ;   while  oti  the  other  hand 

(he  cup  or  eupiile  of    the  oak,    beech,   and 
sweet  chestnut  arises  from  a  cup-5hap«d  organ 


Ftc.  303.-L  Acorn  of  QutrcHS  j 
enpty  cuputn ;  II.  longitudir 
the  fcRili»d  pitlillaie  Hawcc,  w 
fflriy  SUM, 


which  is  formed  only   after   fertilisation   between  the  ovary  and  tha 
perianth,  and  produces  leaves  on  its  ouler  margin  (Fig.  303)- 

Special  reference  must  be  made  to  the  Coniferje,  in  which 
there  is  no  ovary,   but  only  naked  ovules  (Fig.  304),  and 
which  therefore  cannot  form  a  true   fruit     The  cone  o£ 
Coniferse  is  an  assemblage  of  seeds  [see  p.  i  a  i,  foot-note \, 
'  [Or,  as  some  consider,  of  the  recqilacU. — to.^ 


148  Structural  and  PhysiologUal  Botany. 

In  observing  a  fruit,  care  must  be  taken  to  distinguish 
tlie  wall  of  the  cavity  which  encloses  the  seeds,  or 
pericarp,  which  may  consist  of  several  layers  of  a  mem- 
branous, fleshy,  or  stony  consistence  (Fig.  305).  The 
nature  of  the  outermost  layer  or  epicarp  determines  whether 
the  fruit  has  a  smooth 
appearance  like  the 
cherry,  rough  like  the 
peach,  or  spiny  like  the 
thorn-apple  fFig.  310,  p. 
p  150).  Themiddlelayeror 
i  is  often  fleshy 
lucculent,  and  is  then 
i  called  the  flesh  or  sar- 
cocarp  [as  in  the  peach 
r  cherry]-  The  inner- 
'  most  layer  or  endocarp 
IS  often  very  hard,  and 
forms  the  stone  or  pula- 
men  of  stone-fruit  j  it 
encloses  the  cavities  of 
tiie  fniit  which  corre- 
spond to  the  loculi  of 
iMMm  o  the  ovary,  and  are  still 
wiTiai  conuins  iM  miiK  "     ^^  termed     looili.         The 

number  of  these  loculi 
generally  corresponds  to  the  number  m  the  ovary,  although 
one  or  more  not  unfiequently  disappear  in  the  course  of  de- 
velopment. Such  a  disappearance  or  abortion  is  the  rule  in 
the  lime,  in  which  the  ovary  is  originally  quinquelocular, 
in/j<jftJwhereitisbilocular,  [and  the  oak  where  it  is  trilocu- 
lar],  while  in  all  these  cases  the  fruit  is  ultimately  unilocular. 
Fruits  may  be  divided  into  two  primary  classes,  dehiscent 
and  indehiscenl ;  to  the  former  belong  the  capsule  and 
scbizocarp ;  to  the  latter  the  drupe,  berry,  and  achene. 

The  capsule  bursts  or  dehisces  when  ripe,  and  allows  the 
seed   to  fall  out.    If  this  splitting  takes  place  only  at  the 
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apex  (Fig.  306),  it  is  said  to  dehisce  by  teeth^  as  in  most 
Caryophyllaceae  ;  the^capsule  of  Lychnis  diurna,  for  example, 
dehisces  by  ten,  that  of  Githago  segetum  by  five  teeth.  If 
the  dehiscence  takes  place  right  to  the  base  of  ^0^> 
the  capsule  it  is  said  to  be  valvular  or  sutural, 
the  number  of  valves  depending  on  that  of  the 
placentae  or  carpels.  It  is  loculicidal  (Y\g,  307) 
when  the  walls  of  the  loculi  split  open  so  that 
the  septa  remain  attached  to  the  valves,  as  in 
Iris  or  the  lilac ;  septicidal  (Fig.  308),  when,  as 
in  Colchicum,  the  septa  themselves  split  down  ^si?ie^°^f'~/w^ 
the  middle  and  fall  off  with  the  valves  ;  scpti-  ^^^^  j^^ehUc- 
Jragal  (Figs.  309,  310),  when  the  valves  separate  'eeth. 
from  the  septa  and  fall  off  alone,  as  in  Datura,  More  rarely 
the  upper  part  of  the  capsule  becomes  detached  in  the  form 


Fig.  307. — Diagram  of  a  locu-    Fig.  308.— Diagram  of  a  sep-    Fig.  309. — Diagram  of  a  sep- 
licidal  capsule.  ticidal  capsule.  tifragal  capsule. 

of  a  cap  or  lid,  when  the  dehiscence  is  said  to  be  transverse 
or  circumscissile,  [and  the  capsule  is  termed  2Lpyxis\  as  in 
Hyoscyamus  and  Anagallis  (Figs.  311,  312).  Some  capsules 
again  dehisce  hy  pores  (Fig.  313),  as  the  poppy,  Campanula^ 
&c.  [when  they  are  XtvoitA pore'Capsules\  Capsules  maybe 
unilocular  or  multilocular,  superior  or  inferior,  and  may  have 
free  central,  axile,  or  parietal  placenta tion. 

Follicle  (Figs.  314,  315)  is  the  term  given  to  a  unilocular 
capsule  which  dehisces  only  by  the  ventral  suture.  The 
capsule  of  Leguminosse  ^which  is  always  unilocular  and 
monocarpellary,  and  dehisces  by  both  vetvtt^V  ^xvj^  ^ot^iN. 
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sutures],  is  called  a  legume  (Fig.  316),  that  of  Cniciferae 
[which  is  always  bicarpeilary,  the  seeds  remaining  attached 
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-  to  a  false  septum  or  replum\  a  siliqua  [when  much  longer 
than  broad,  when  only  about  as  long  as  broad,  a  siUctda 
(Fig^j,,)]. 

plits  up,  when  ripe,  into  distinct  pieces, 
called  merkarps.  These  laac  con- 
tain usually  each  a  single  seed, 
and  as  a  rule  remain  closed,  sel- 
dom opening  to  allow  the  seeds 
to  escape   in  the  manner  of  a 


:.  316.— Lcjcunie  of  praspJit 
layer  of  the  pericarp  '•   ^  P'^- 


FiG.    lij.  - 

Cxkitaria  open    and 

lachcd  to  the  repluiq. 


capsule.    The  splitting  may  be  either  longitudinal  or  trans- 
verse.    In  the  former  case  the  schizocarp  may  split  into 


two  pieces,  as  occurs  in  Umbelliferse  [where  it  is  termed  a 
cremocarp\,  the  mericarps  separating  at  their  lowei  ^■a,»i&. 
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remaining  attached  at  their  apex  to  the  filiform  carpopkori 
(Fig.  318),  or  in  the  maple  (Fig.  319);  or  it  may  divide 
into  three  as  in  Euphorbia  and  Tropceolum  (Fig.  320) ;  or 
into  fouf  as  in  Labiatae  (Fig.  321),  [where  they  are  often 

L  n. 


Fig.  320.  —  Tri-  Fig.  ^21.— Quadri- 
partite schizo-  partite  schizocarp 
carp  of  TroptBo-  (carcerulus)  _  of 
lunt.  AjugUy  consisting 

of  four  nucules. 


Fig.  322.  —  Quinquepartite  schizocarp  of 
Geranium  robertianutn ;  I.  the  imma- 
ture pistil:  II.  the  mature  fruit. 


called  nuculesy  and  the  entire  schizocarp  a  carcerulus] ;  or 
into  five  as  in  Geranium  (Fig.  322);  or  a  larger  number  as  in 

Malva  (Fig.  323).  A  transverse  splitting  of 
the  schizocarp  at  right  angles  to  the  axis  of 
the  flower  occurs  in  some  Leguminosse  and 
Cruciferse  of  the  suborder  Lomentaceae,  where 
the  fruit  is  called  a  iomentum  (Fig.  324). 

Passing  to  indehiscent  fruits : — in  \ki^  drupe 
or  stone-fruit  the  various  layers  of  which 
the  pericarp  consists  develope  in  a  different 
manner,  the  mesocarp  (sarcocarp)  becoming  softer  and  more 
succulent,  the  endocarp  (putamen)  harder,  dry  and  woody, 
and  forming  the  stone  which  encloses  the  kernel.  The  con- 
sistency of  the  mesocarp,  however,  differs  greatly ;  in  the 
peach,  plum,  and  cherry  (Fig.  325  i.)  it  is  very  soft  and 
succulent ;  in  the  cocoa-nut  (Fig.  305,  p.   148)  it  is  fibrous; 


Fig.  323.  —  Muhi- 
partite  schizocarp 
of  Malva. 
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in  the  almond  and  walnut,  dry  and  almost  leathery.  The 
drupe  usually  contains  a  single  stone,  rarely  more  as  in  the 
medlar,  when  the  separate  sections  of  which  it  is  composed 
are  called  pyrenes ;  it  is  usually  unilocular,  as  in  the  peach, 


almond,  and  walnut,  sometimes  bilocular,  as  in  the  cornel 
{Fig.  325  ir.)  and  cotTeeberry. 

In  the  berry  all  the  layers  of  the  pericarp  are  fleshy  and 
succulent,  as  in  the  grape,  currant,  and  gooseberry  (Fig. 
326)  ;  or  the  outer  layers  are  harder,  as  in 
the  citron  and  gourd,  [the  latter  some- 
times called  9ipepo\  The  apple  is  a  berry- 
like pseudocarp. 

In  the  achene  all  the  layers  of  the  peri- 
carp are  dry  and  nearly  similar.    It  almost  ^^ 
invariably  contains  only  a   single  seed,  *«iiDnrt 
and  is   usually  also  from  the  first   uni-  isyciot' 
locular  and  with   only  one  ovule,  as  in  ii-^^M 
rirassesand  Compositae  {Fig.  327);  less  Jl.iJ^'\'{,"'j;^''fu^^'; 
frequently  it  becomes  unilocular  in  the  JLanu?''^'" '"^"' 
course  of  development,  by  the   abortion 
of  some  of  the  ovules  and  the  disappearance  of  some  of 
the  loculi,  as  in  the  oak  and  alder.    The  pseudocarp  ot  t.hft 
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rose  contains  several  achenes.     The  fruit  of  the  elm,  ash, 
maple,  &c.  (Fig.  3 19,  p.  1 5 1),  known  as  a  samara,  is  an  achene 

[or    schizocarp]    with    membra- 
\^  A  \i\  /uli  no\y&  appendages  or  wings  [which 

enable  it  to  be  carried  by  the 
wind  through  the  ^xx\^ 

THE   SEED. 

The  seed  or  mature  ovule  is 
the  organ  by  means  of  which  the 
higher  plants  are  chiefly  propa- 
ne.  3»7.  -Achene  orTypsela  of   g^^^*      ^^  ^^   COnnCCted  with  the 

centaurea  Cyanns,  entire  ^nd  cat  placeuta  OX  part  of  the  internal 

through  lengthwise  (magnined).  e-      %  i  •   i      • 

wall  of  the  ovary  to  which  it 
is  attached  by  a  more  or  less  strongly  developed  stalk  or 
funiculus  (Fig.  326);  when  this  is  so  short  as  to  appear  to 
be  altogether  absent,  the  seed  is  said  to  be  sessile. 

The  arillus  is  an  appendage  springing  from  the  point  of 
attachment  of  the   seed  to  the  placenta  or  hilum,   from 


II 


III. 


IV. 


Fig.  328. — I.,  II.,  III.,  Development  of  the  arillus  of  the  yew :  IV.  longitudinal 

section  through  the  ripe  seed. 

whence  it  rises  up  and  envelopes  it.    In  the  ripe  seed  of  the 
willow  it  is  split  up  into  long  silky  hairs  ;  in  the  nutmeg  it 

*  [The  nttt  {e,g,  hazel-nut)  and  glans  {e.g,  acom)  are  one-seeded 
achenes  resulting  by  abortion  from  a  trilocular  ovary,  in  which  the  epi- 
carp  is  more  or  less  lignified.  The  caryopsis,  characteristic  of  Grasses, 
is  an  achene  in  which  the  membranous  pericarp  adheres  closely"  to  the 
seed  ;  the  inferior  achene  of  Compositae  is  sometimes  called  a  cypsela. 
The  hesperidiuvi^  as  in  the  orange,  is  a  multilocular  berry  in  which  there 
.is  a  remarkable  development  of  succulent  cells  from  the  endocarp. — Ed.] 
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forms  the  substance  known  in  commerce  as  mace :  in 
the  yew  (Fig.  328),  it  forms  a  drupaceous  pseudo-berry.* 
Appendages  of  other  kinds  to  the  seed  occur  in  the  form 


Fig.  329. — Winged  seed  oi  Bignonia  Catalpa. 

of  wings,  as  in  Bignoniacese  (Fig.  329),  and  Coniferae  (Fig. 
304,  p.  147),  [in  the  latter  case  the  wing  does  not  belong 
to  the  testa,  but  to  the  woody 
scale  to  which  the  seed  is  at- 
tached], or  hairs,  as  in  Pole- 
moniaceae,  &c.  (Fig.  330). 

The  seed  consists  of  an 
integument  and  a  nucleus,  the 
first  being  formed  from  the 
integuments,  the  last  from  the 
nucleus  of  the  ovule. 

The    interment    consists  ^^^'  330. -Ripe  seed  of  Epuobium,  with 

<^  coronet  of  hairs  (magnified). 

of  an  outer  and  an  inner  layer, 

the  former  being  sometimes  called  the  testa,  and  the  latter 

the  tegmen.     In  the  walnut  the  outer  layer  is  yellow  and 


Fig.  331.  — 
Smooth  seed 
o{  Aqiiilegia 
(magnified). 


Fig.  332.— Re- 
ticulated .seed 
of  poppy 

(magnified). 


Fig.  333. — Spiny  seed  o{  SMlaria,  entire  and 
cut  through,  both  lengthwise  and  trans- 
versely, showing  the  campylotropous  form, 
the  curved  embryo  surrounding  a  copious 
endosperm  (magnified). 


*  [The  tenn  aril  is,  strictly  speaking,  confined  to  a  structure  of  this 
kind  which  springs  from  the  hilum,  as  in  Pnssifloray  Taxus,  Nympkaa, 
&c.  A  similar  structure,  originating  at  or  near  the  micropyle,  as  in 
EuonymuSy  Euphorbia^  Polygaia,  &c.,  is  a  false  aril  or  rt^^/Z^^t? ;  if  from 
the  testa,  independent  of  the  micropyle  or  funicle,  as  in  Chelidonium^ 
Viola^  &c.,  Hi  strophhU  or  canmcle. — Ed.] 
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bitter ;  the  inner  layer  thin  and  white.  The  testa  is  often 
leathery,  crustaceous,  or  even  stony  [as  in  the  Brazil-nut] ; 
and  is  either  smooth  (Fig.  331),  or  with  pit- like  depressions 
(Fig.  332),  or  covered  with  spines  (Fig.  333),  and  may  be 
white  or  coloured. 

The  nucleus  of  the  seed  consists  essentially  of  an  enibryo^ 
in  addition  to  which  is  found  in  the  majority  of  seeds  an 
albumen  or  endosperm  (Fig.  zZTi)-  Seeds  are  therefore  dis- 
tinguished into  albuminous  and  exalbuminous.  The  embryo 
in  its  simplest  form  (Fig.  334),  as  in  orchids,  Orobancke^ 

Mojioiropay  and  Cuscuta,  is  a  spherical  body  ; 
but  as  a  rule  consists  of  an  axis  (Figs.  97-99, 
pp.  70,  71)  and  one  or  more  leaves.  The  axis 
is  differentiated  at  its  apex  into  a  plumule, 
distinct  from  the  lower  end  or  radicle.  The 
leaves  of  the  embryo  are  in  most  plants 
very  characteristic,  and  different  in  form 
from  the  foliage-leaves  which  are  subse- 
quently developed,  and  bear  the  name  of 
seed-leaves  or  cotyledons.  They  are  some- 
times thin  and  leaf-like,  sometimes  thick 
%hTyo7i^Pyroi^,  and  flcshy.  The  green  colour  which  many 
with      reticulated  cotylcdons    assumc  as   soon  as  they  rise 

testa  (magnified).  •'  ^ 

above  the  ground  after  germination  is  only 
developed  under  the  influence  of  light;  it  is  not  found 
while  they  are  still  enclosed  in  the  testa.  The  thicker  and 
more  fleshy  cotyledons  which  often  occupy  the  greater  part 
of  the  seed,  as  in  Leguminosae,  have  scarcely  anything  in 
common  with  the  later  foliage-leaves  of  the  plant,  and 
generally  remain  underground  after  germination.  Dependent 
on  the  number  of  cotyledons,  plants  are  divided  primarily 
into  Dicotyledones  with  two,  Monocoiyledones  with  only 
one,  and  Acotyledones  [flowerless  plants],  without  any.  A 
larger  number  of  cotyledons  than  two  is  rare,  and  is  peculiar 
to  certain  Coniferse  (Fig.   335).      In  a  few  cases,  as  the 
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c^ 


n. 


pea  and  bean  (Fig.  98,  p.  70),  the  embryo  contains  a  few 
other  leaves  besides  the  cotyledons. 

The  relative  position  of  the  different  parts  of  the  embryo 
requires  special  notice.  The  most  common  arrangement  is 
that   found  in    Cruciferae,  ^ 

where      the      embryo      is 
pleurorhizal^    the     cotyle-- 
dons   lying  flat  one  upon 
another,    and    the   radicle 
upon  the  line  which  sepa- 
rates    them     (Fig.     336). 
In  the  notorhizal  embryo 
(Fig.  337),  the  radicle  hes 
upon  the  back  of  one  of  the 
cotyledons,  which  again  lie 
flat  one  upon  another.   The  fig.  33s. —  Em- 
embryo  is  orthoplozic  (Fig.     L^^uh'si?co\t- 
338)  when  the  radicle  lies    ^^^^'^^  '■ 
in   the  hollow  channel  of 
the  folded  cotyledons.     In  the  spiral  embryo  (Fig.   339), 


Fk;.  336.  —  Pleurorhizal 
embryo  of  Lurutria  :  1. 
transverse;  II.  longitu- 
dinal section  through  the 
seed  (magnified). 


I. 


III. 


Fig.  337.— Seed  of  Ni'slea  paniculata  :  I.  entire  ;  II.,  HI.,  sections  in  two  different 
directions  showing  the  notorhizal  embryo  (magnified). 


II. 


III. 


Fig.  338.— Seed  of  Entca  sativa  :  I.,  entire :  II.,  Fic.  339.— Spiral  embr)'o  of 
III.,  sections  in  two  different  directions  showing  Bunias  Erttcago  (magnified), 
the  orthoplozic  embryo  (magnified). 

the  cotyledons  are  laid  flat  upon  one  another  and  coiled 
spirally.     Occasionally  the  embryo  is  doubly  spiral 
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The  position  of  the  embryo  in  the  endosperm  also  varies 
in  different  plants.  It  sometimes  lies  in  the  middle  of  the 
endosperm,  when  the  latter  is  said  to  be  ptriphetic  (Fig. 
340),  as  in  Jris;  sometimes  outside  it,  when  it  is  said  to  be 


opposite  the  lateral  endosperm  (Fig.  34');  or  pn-ipheric 
and  the  endosperm  central  (Fig.  342).  The  texture  of  the 
endosperm  also  varies  greatly ;  in  the  cereal  grasses  it  is 
(arinaceous  or  starchy,  in  the  coffee-berry  cartilaginous,  in 
the  vegetable  ivory,  Phytelepkas,  hard  and  white  like  ivory. 


CHAPTER   V. 

THE  LIFE   OF  THE  PLANT. 

In  its  external  phenomena,  the  life  of  a  plant  is  in  general 
much  more  simple  than  that  of  an  animal,  because  plants 
are  [as  a  rule]  destitute  of  the  power  of  spontaneous  move- 
ment, so  that  they  are  compelled  to  adapt  themselves  to  the 
conditions  of  their  environment,  or  must  otherwise  perish. 

The  theory,  is  founded  on  a  number  of  delicate  cirpeiiments  which 
cannot  here  be  described,  that  all  organised  parts  of  planls  consist  of 
minute,  solid,  and  comparadvely  unalterable  particles  called  mdecult!, 
which  cannot,  however,  be  distinguished  by  the  most  powerfiil  lenses. 
This  hypothesis  does  not  aMwre  that  [he  molecules  must  always  be 
spherical  ;  they  are  often,  ii»t)le  contrary,  supposed  to  have  a  crystal- 
line structure.     The  adjaeint  molecules  ore  not.  united  by  any  solid 
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connection,  but  are  isolated  one  from  another,  and  the  reason  of 
the  solid  condition  of  a  body  is  tliat  its  molecules  have  a  mutual  attrac- 
tion for  one  another ;  and  the  stronger  this  attraction,  the  more  firm 
and  solid  is  the  body  which  they  compose.  Every  molecule  is  in  its 
natural  state  surrounded  by  a  layer  of  water,  so  that  they  are  com- 
pletely separated  from  one  another  on  ail  sides.  Within  certain  limits 
a  portion  of  their  watery  contents  can  be  removed  from  organised 
structures,  or  they  can  take  up  fresh  quantities,  without  being  thereby 
destroyed  or  killed.  Loss  of  water  or  desiccation  causes  a  contraction, 
the  absorption  of  water  an  increase  or  swelling  of  the  body.  The 
molecules  of  one  and  the  same  organised  body  separated  by  envelopes  of 
water  always  differ  chemically,  so  that  molecules  of  a  different  chemical 
nature  are  found  in  the  midst  of  and  beside  one  another  at  every 
point  that  can  be  perceived  by  the  microscope. 


THE  MOVEMENT  OF  WATER   IN   PLANTS. 

It  follows  as  a  necessary  consequence  from  the  structure 
of  organised  bodies,  that  life  is  impossible  in  the  most 
minute  particles  of  the  plant  without  access  of  water.  The 
plant  also  requires  water  for  the  formation  of  organic  sub- 
stances out  of  the  inorganic  food-materials  which  it  takes 
up,  and  furthermore,  for  the  solution  of  solid  substances 
stored  up  in  it,  the  reserve-materials^  which  must  be  dis- 
solved and  transported  to  other  places,  where  they  are  con- 
sumed. In  addition  to  this,  delicate  leaves,  like  those  of 
most  plants,  lose  in  a  short  time  a  considerable  portion  of 
the  water  of  their  cell-sap  by  evaporation.  In  order  to  meet 
all  these  requirements,  it  is  necessary  that  continuous  cur- 
rents of  water  should  pass  through  the  plant,  and  should  ' 
be  directed  towards  those  parts  where  the  plant  requires  it. 
Those  currents  which  subserve  the  processes  of  nutritioli 
and  growth  must  therefore  move  sometimes  in  an  ascending, 
sometimes  in  a  descending,  and  sometimes  in  a  lateral  direc- 
tion, while  that  which  serves  to  replace  the  loss  by  evapora- 
tion is  continually  ascending  from  the  roots.  The  water, 
therefore,    which  is   sucked    up   by  the  root-hairs  flows 
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through  the  roots  like  a  system  of  rivulets,  combining  into 
larger  streams,  and  in  the  main  stem,  in  the  case  of  Dicoty- 
ledons and  Conifers,  into  a  single  current,  in  the  case  of 
Monocotyledons  and  Ferns  into  several  ;  and  these  then 
again  ramify  like  the  stem,  and  distribute  themselves  to  the 
most  delicate  parts  of  the  leaves,  where,  in  a  manner  compar- 
able to  the  perspiration  of  animals,  the  water  again  disappears 
in  the  form  of  vapour,  by  transpiration.  It  has  been  ascer- 
tained that  in  actively  grow- > 
ing  plants  the  quantity  of 
water  thus  absorbed  often 
amounts  in  a  few  days  to 
many  times  the  weight  and 
volume  of  the  whole  plant 
The  woody  parts  of  the 
vascular  bundles  serve  as 
conduits  for  this  powerful 
stream,  as  may  easily  be 
proved  in  plants  from 
v/hich  the  bark  has  been 
peeled  off,  and  whose  pith 
has  decayed,  by  causing  the 
roots  to  suck  up  a  coloured 
infusion.  The  chief  causes 
ofthese  great  movements  of 
water  are:  capillarity ,3xA 
diffusion  \osmose\ ;  but  an 
action  of  suction  may  also 
.  be  distinguished  from  one 
!  of  propulsion.  In  every 
J^*  part  of  a  plant  where  growth 
j  or  evaporation  is  taking 
■'  place,  the  part  which  re- 
'  quires  water  will  obtain  it 

from  the  surrounding  parts,  and  as  this  suction  gradually  ex- 
tends to  latter  and  larger  circles,  the  most  distant  parts,  i.e. 


.— Appaml 


uloS'"^   , 
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in  general  the  roots,  are  at  length  compelled  to  absorb  water. 
Acting  in  conjunction  with  this  force  is  the  root-pressure. 
The  roots  absorb  a  greater  quantity  of  water  than  the  plant 
requires  ;  and  this,  therefore,  exercises  a  pressure  which 
drives  the  water  that  has  been  already  absorbed  higher  and 
higher  up  the  stem  \  and  often,  as  in  Grasses,  Aroideae,  &c., 
even  causes  it  to  exude  in  drops  at  the  margins  and  tips  of 
the  leaves.  Experiments  on  the  intensity  of  the  root-pres- 
sure, performed  by  cutting  off  the  upper  part  of  the  stem, 
and  attaching  a  manometer  to  the  section,  show  that  it  is 
sufficiently  powerful  to  balance  a  column  of  water  more 
than  ten  metres  in  height  (Fig.  343). 

The  organs  of  transpiration  are  the  leaves,  which  allow  of  the  escape 
through  their  stomata  of  the  aqueous  vapour  that  has  accumulated  in 
the  intercellular  spaces.  The  amount  of  transpiration  depends  on  the 
moisture  of  the  air,  on  the  intensity  of  light,  on  the  temperature,  on 
concussions  to  which  the  plant  is  subject,  and  on  the  age  and 'size 
of  the  leaves.  It  has  not  yet  been  ascertained  how  all  these  forces 
act  ;  observation  has  nevertheless  shown  that  the  stomata  are  closed, 
at  night  and  open  in  the  daytime  under  favourable  circumstances,  i.e. 
when  the  atmosphere  is  not  too  moist,  and  under  the  influence  of  light 
and  warmth. 

If  the  loss  of  water  by  transpiration  from  the  leaves  is  greater  than 
the  quantity  supplied  by  the  roots,  the  conducting  parts  become 
first  of  all  deficient  in  it ;  and  when  at  length  the  evaporation  from  the 
more  delicate  organs  can  no  longer  be  compensated,  they  lose  their 
stifTness  and  hang  down  from  their  own  weight,  or  in  oilier  words 
wither.  This  condition  is  caused  at  an  earlier  period  in  succulent 
herbaceous  plants  than  in  trees  which  possess  large  reservoirs  of  water 
in  their  stems. 

ASSIMILATION  AND  METASTASIS. 

The  life  of  the  plant  is  associated  with  a  continual  con- 
sumption of  plastic  substances,  which  are  of  service  to  it 
as  formative  materials  for  the  growth  of  cells  already  in 
existence,  and  for  the  production  of  new  ones.  A  number 
of  the  sources  of  force  in  the  plant  are  being  continually  lost 
through  these  processes,  because  many  of  these  fo\rcv^\:vN^ 
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substances  then  cease  to  exercise  their  chemical  influence  on 
one  another.  If  the  plant  is  not  to  perish  from  the  deficiency 
thus  occasioned  of  formative  materials  and  of  sources  of  force, 
or,  as  it  were,  to  be  starved,  it  must  be  supplied  with  nutrient 
substances,  i,e,  with  chemical  compounds  which  contain  the 
substances  that  it  requires.  Only  in  comparatively  few  cases 
is  a  chemical  compound  absorbed  into  the  plant  which  will 
be  useful  to  it  without  change ;  as  a  rule,  it  is  only  the  separate 
elements  which  are  indispensable,  and  are  on  that  account 
taken  up  out  of  their  compounds.  Those  elements  which 
are  indispensable  for  the  entire  processes  of  vegetation  are 
called  the  nutrient  substances  of  the  plant. 

If  we  pass  in  review  the  elements  which  play  this  part 
in  the  vegetable  kingdom,  we  find  that  the  list  comprises 
carbon^  oxygen^  nitrogen^  hydrogen^  and  sulphur,  because  these 
enter  into  the  composition  of  protoplasm,  and  are  conse- 
quently necessary  for  the  formation  of  every  vegetable  cell. 
To  them  must  also  be  added  iron,  calcium,  potassium,  magne- 
sium, and  phosphorus,  because  no  instance  is  at  present 
known  of  a  plant  retaining  its  normal  state  of  health  if  de- 
prived of  any  one  of  these  elements.  Sodium  and  chlorine 
must  also  probably  be  included.  In  addition  to  these  uni- 
versally distributed  nutrient  materials,  the  growth  of  some 
plants  is  also  dependent  on  the  presence  of  other  special 
elements  ;  although  we  have  no  exact  knowledge  of  the 
part  which  they  play,  and  are  unable  to  state  positively  that 
they  are  indispensable.  Thus  Viola  calaminaria  and  some 
other  plants  always  contain  zinc,  and  will  only  grow  on 
soil  which  contains  that  element. 

The  organ  by  means  of  which  the  nutrient  substances 
are  taken  up  is,  in  the  lower  plants,  the  entire  surface  •  in 
the  higher  plants  this  function  is  specially  assigned  to 
the  root,  which  is  constructed  for  this  purpose.  In 
the  case  of  roots  which  penetrate  into  the  soil,  only  the 
youngest  parts,  with  their  delicate  root- hairs  and  papillae, 
can  perforin  this  function ;  but  in  the  aerial  roots  of  some 
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plants,  which  are  provided  with  a  great  number  of  hairs  or 
^-ith  a  root-sheath,  the  whole  surface  of  the  root  appears  to 
possess  the  power  of  absorbing  nutrient  substances  in  the 
form  of  vapour. 

In  addition  to  the  roots,  the  higher  plants  possess  also 
in  the  leaves  organs  which  are  adapted  for  the  absorption  of 
nutrient  substances  in  a  gaseous  condition.  But  experimental 
observation  has  shown  that  the  leaves,  even  under  favourable 
circumstances,  do  not  absorb  fluid  nutriment,  either  in  the 
form  of  drops  or  of  vapour,  so  as  to  carry  it  to  the  other 
parts  of  the  plant  ^ 

Since  the  nutrient  substances  must  pass  through  the 
closed  walls  of  the  cells  in  order  to  reach  their  interior,  it 
follows  that  they  must  be  present  in  a  dissolved  fluid  or 
gaseous  form.  They  are  then  received  into  the  cells 
adapted  for  this  purpose  by  means  of  osmose ;  since  there 
are  in  general  two  fluids,  the  cell-sap  and  the  water  ab- 
sorbed from  the  soil,  capable  of  mixing  with  one  another,  and 
separated  only  by  the  permeable  cell-wall.  The  absorption 
of  nutriment  is,  therefore,  only  a  mixing  of  two  fluids  of 
different  densities. 

The  terms  osmose,  diosmose,  and  diffusion  have  been  given  to  the 
mingling  of  fluids  through  a  permeable  partition- wall,  i.e,  one  which 
has  no  visible  perforations.  If,  for  example,  a  vessel  closed  below  by 
an.  animal  membrane  (Fig.  344  b)  is  filled  with  a  concentrated  solution 
of  cupric  sulphate  (blue  vitriol),  and  is  then  immersed  in  a  vessel  filled 
with  water  («),  the  water  will  pass  gradually  through  the  bladder  into 
the  vessel  b,  and  the  fluid  will  rise  in  a  tube  r  attached  to  it,  while  the 
level  at ;/  falls.  If,  on  the  contrary,  the  cupric  sulphate  were  placed 
outside,  and  the  water  within  the  vessel  b,  the  fluid  would  fall  in  the 
tube  r,  while  the  level  n  would  rise.  In  both  cases  a  small  quantity  of 
the  cupric  sulphate  also  passes  through  the  bladder  into  the  water,  as 


*  [An  exception  to  this  law  seems  to  exist  in  the  case  of  the  *  car- 
nivorous plants*  on  whose  habits  Mr.  Darwin  has  thro>vn  so  much 
light,  such  as  Drosera,  Pinguiaila,  and  Nepenthes,  which  appear  to 
have  the  power  of  absorbing  nitrogenous  substances  through  their 
leaves,  and  digesting  them  within  their  tissues. — Ed.1 
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moy  be  seen  by  ils  colouiilion,  but  a  very  much  lai^er  qumlily  of  watec 
passes  Ihe  other  way.  The  process  will  cooiinue  until  the  two  fluids 
on  each  side  of  Ihe  bladder  have  become  ho- 
moEeneous.  The  cause  of  the  increase  of  the 
fluid  on  one  side,  and  the  decrease  on  the  olber 
side  of  the  bladder,  is  that  the  water  posses 
more  easily  Ihiough  it  (ban  tlie  solution  of 
cupric  sulphate.  But  in  other  cases  a  very 
considerable  interchan(;e  of  the  two  flui<ls  may 
lake  place  without  its  being  perceptible  ;  -viz. 
when  tbey  are  of  the  same  colour  and  pass 
through  the  pari  it  ion- wall  in  equal  quantities. 
When  two  fluids  are  capable  of  diffusion — 
which  is  notalways  the  case — 1  greater  quaniFiy 
of  the  less  concenlraleJ  or  lighter  fluid  usually 
passes  through  than  of  Ihe  more  concentrated 
or  denser.  Cell-walls  act  in  the  plant  exactly 
like  an  animal  bladder  in  the  instance  adduced. 
In  the  process  just  described,  the  current 
which  passes  into  an  enclosed  space  such  as  n. 
celt  is  termed  an  cndosmotic,  that  which  passes 
in  an  opposite  direction  an  exosnwlic  current. 

Since  the  cell-sap  is  much  richer  in 
substances  which  cause  osmose  [or  is 
of  a  greater  specific  gravity]  than  the 
moisture  of  the  soil  which  contains  in 
solution  only  a  small  quantity  of  salts, 
gases,  &C,,  a  considerable  endosraotic 
current  is  set  up  of  the  absorbed 
moisture  into  the  cell,  while  only  a 
*7 but'wiiT faii'ai  «Tq  verysmallquantityofthe cell-sap  passes 
I    ouiervcasc,  Qjjj   jjjjjj  jj^g  ground.     This  last  pro- 

cess has,  however,  nothing  in  common  with  the  elimination 
of  products  of  excretion  which  takes  place  in  animals  ;  its 
purpose  is  rather  to  render  soluble  the  insoluble  constituents 
of  the  soil,  and  thus  to  enable  the  plant  to  absorb  them  in 
the  water  which  it  takes  up.  The  membranes  of  the  apices 
of  root-hairs  of  plants  which  are  still  in  active  growth  are  so 
delicate  that,  in  obedience  to  the  force  of  gravitation,  they 
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come  into  intimate  contact  with  all  the  unevennesses  of  the 

adjacent  solid  particles,  and  afterwards,  by  the  hardening  of 

the  membrane,  actually  unite  with  them 

(Fig.  345)-     And  since  experiment  has 

shown  that  the  cell-sap  is  almost  always 

acid,  its  passage  into  the  ground  causes 

the  particles  of   soil  with  which  the 

root-hairs  have  united  to  be  gradually 

dissolved  at  the  points  of  union,  so 

tliat  they  can  then  be  taken  up  into  the 

plant. 

The  mode  of  nutrition  of  parasites  is 
different  from  this.  The  roots  of  the 
more  highly  organised  parasites,  such 
as  the  mistletoe  and  the  broom-rape, 
Orobanthe,  penetrate  into  another  plant 
which  is  termed  their  host  (Fig.  346), 
and  take  up  from  it  nutrient  substances  sou"?  ^""jindKr' «ot- 
which  have  already  been  to  a  certain  '^"■C  ^^1 
extent  assimilated.  The  lower  parasites,  such  as  certain 
Fungi,  on  the  other  hand,  pierce  by  their  cells  the  mem- 
branes of  other  cells,  in  order  to  live  in  and  on  them 
(Fig.  347)-  The  mode  of  absorption  of  food-material  and 
of  the  nutrition  of  saprophytes  [or  plants  which  live  on 
decaying  organic  substances],  such  as  Motiotropa  Hypo- 
pitys  and  certain  Orchidere,  is  still  in  doubt  The  charac- 
teristic of  these  plants  is  that  their  absorptive  organs  take 
up  certain  products  of  the  decomposition  of  organic  sub- 
stances, termed  humus,  and  bring  them  again  into  requisition 
for  nutrition,  after  undergoing  some  change. 

Plants  do  not  absorb  the  nutrient  substances  which  are 
adapted  to  them  unless  presented  to  them  in  a  suitable  form ; 
they  do  not  for  example,  imbibe  the  free  nitrogen  of  the 
atmosphere.  Experiments,  into  the  details  of  which  we  cannot 
enter,  have  given  on  this  point  the  following  results  : — 
The  source  of  the  carbon  in  those  plants  which  cotvJjwcw 
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chlorophyll,  and  which  are  not  parasitic,  is  mainly,  if  not 
exclusively,  the  absorption  of  carbon  dioxide  (carbonic 
acid  gas)  by  those  parts  which  contain  chlorophyll,  and  iis 
decomposition  under  the  influence  of  light,  the  carbon 
being  retained  and  the  oxygen  again  given  off.  It  is  in- 
disputable that  in  certain  cases  the  humus  can  also  con- 
tribute a  supply  of  carbon  for  the  nutrition  of  the  plant ; 
but  the  fact  that  in  a  soil  which  has  not  been  affected  by 
cultivation,  as  in  a  primeval  forest,  the  stratum  of  humus 
does  not  diminish,  but  rather  constantly  increases,  notwith- 
standing its  continual  decay  and  its  consumption  by  plants 
and  animals,  shows  that  a  much  greater  quantity  of  carbon 
must  be  derived  from  the  atmosphere  than  from  the  soil. 

Hydrogen^  which,  like  carbon,  is  present  in  every  organic 
compound,  enters  into  non-nitrogenous  combinations  only 
through  the  decomposition  of  water ;  in  those  which  con- 
tain nitrogen  possibly  also  by  the  absorption  of  ammonia. 

Oxygen  is  taken  up  into  plants  along  with  the  elements 
already  mentioned,  the  substances  in  which  they  occur 
being  of  such  a  nature  that  a  large  portion  of  their  oxygen 
must  be  given  off  before  they  can  be  of  any  further  use  to 
the  plant.  The  decomposition  of  the  carbon  dioxide  of 
the  atmosphere  is  a  remarkable  illustration  of  this.  But,  not- 
withstanding this  excess  of  oxygen  in  the  plant,  the  oxygen 
of  the  atmosphere  is  also  absorbed;  not,  however,  in  order 
to  form  a  part  of  any  permanent  compound,  but,  on  the  con- 
trary, in  order  to  decompose  the  substances  contained  in  the 
plant,  to  deprive  them  of  at  least  a  part  of  their  carbon,  and 
to  be  again  evolved  as  carbon  dioxide.  This  process,  the 
true  respiration  of  plants,  is  very  important ;  since  it  is 
always  taking  place  in  all  living  cells  without  exception ; 
and  the  action  of  the  inhaled  oxygen  is  a  necessary  con- 
dition of  the  life  of  the  protoplasm,  and  therefore  of  the 
plant.  In  relation  to  this,  the  experimental  fact  is  of  the 
greatest  importance,  that  plants  placed  in  pure  carbon  di* 
oxide  are  suffocated,  just  as  animals  are.     In  some  flowecs 
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and  inflorescences,  the  production  of  carbon  dioxide  by  the 
inhalation  of  oxygen  is  very  energetic ;  and  since  the  radia- 
tion of  the  heat  produced  by  the  oxidation  is  in  these  cases 
insignificant,  from  the  surface  being  comparatively  small 
or  the  parts  protected  by  enveloping  sheaths,  very  con- 
siderable elevations  of  temperature  can  be  observed.  At 
the  time  of  the  fertilisation  of  the  spadices  of  Aroideae,  an 
elevation  of  temperature  amounting  to  as  much  as  io°  C. 
has  been  detected  ;  and  in  the  flowers  of  Cucurbitaceae  and 
of  Victoria  regia  similar  elevations  have  been  observed, 
though  to  a  smaller  extent.  Respiration  is  a  process  dia- 
metrically opposite  to  the  process  of  assimilation  which  takes 
place  in  the  cells  that  contain  chlorophyll,  and  which  con- 
sists in  the  absorption  and  subsequent  decomposition  of 
carbon  dioxide,  although  this  latter  has  also  been  described 
under  the  same  name,  a  use  of  terms  as  incorrect  as  if  we 
were  to  speak  of  an  animal  inhaling  its  food. 

The  free  nitrogen  of  the  atmosphere  enters  the  plant 
through  the  stomata,  and  also  by  the  process  of  osmose,  but 
does  not  serve  for  nutrition  ;  for  the  purpose  of  nutrition  this 
element  must  be  presented  to  the  plant  in  the  form  of  nitric 
acid  or  of  an  ammoniacal  salt.  Whether  non-parasitic 
plants  absorb  nitrogen  also  in  the  form  of  certain  organic 
compounds  is  still  undetermined. 

The  only  conceivable  source  of  sulphtir  is  the  sulphuric 
acid  of  the  sulphates  present  in  the  soil.  It  probably  enters 
the  plant  only  in  the  form  of  calcium  sulphate,  which  is  de- 
composed by  the  oxalic  acid  formed  in  the  plant  itself ;  this 
being  the  source,  on  the  one  hand,  of  the  calcium  oxalate, 
which  so  commonly  occurs  in  plants  [in  the  form  of  raphides], 
while  on  the  other  hand  the  sulphuric  acid  gives  up  its  sulphur 
in  the  production  of  protoplasm  and  generally  of  albuminoids. 

It  is  evident  that  the  remaining  nutrient  substances  can 
only  enter  the  plant  by  the  process  of  diffusion,  and  in 
general  in  the  form  of  soluble  salts ;  but  their  relations  to 
the  life  of  the  plant  are  still  obscure.     With  regard  to  iron 
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we  can  form  some  judgment,  since  we  know  that  its  pre- 
sence is  necessary  for  the  production  of  chlorophyll.  Plants 
which  grow  in  soil  destitute  of  iron  do  not  become  green, 
but  remain  bleached  or  etiolated  until  enabled  to  do  so  by 
the  addition  of  iron  to  the  soil;  though  it  is  doubtful  whether 
chlorophyll  contains  iron  as  one  of  its  essential  ingredients. 
Since  etiolated  plants,  owing  to  the  absence  of  chlorophyll, 
are  unable  to  absorb  carbon  dioxide,  they  can  live  only  for 
a  short  time,  and  soon  perish.  The  salts  of  iron  present  in 
the  soil  afford  the  necessary  supply  of  this  element  for 
vegetation.  Phosphoric  acid  appears  to  stand  in  a  certain 
relation  to  the  production  of  albuminoids,  or  at  least,  is  in- 
variably found  in  association  with  them  ;  and  in  many  seeds 
there  is  a  constant  relationship  between  the  weight  of  the 
phosphoric  acid  and  that  of  the  nitrogen  contained  in  them. 
With  respect  to  potassium^  similar  general  relationships  to 
starch,  sugar,  and  cellulose  are  not  improbable ;  and  it 
is  known  that  the  amount  of  potassium  in  any  part 
of  a  plant  varies  with  the  rapidity  and  energy  of  its  growth. 
But  in  what  form  phosphoric  acid  and  potassium 
enter  the  plant,  and  what  their  special  functions  are,  is 
still  unknown.  In  the  case  of  buckwheat,  it  has,  how- 
ever, been  ascertained  that  food-material  destitute  of 
potassium  cannot  be  assimilated  or  transformed  into  organic 
substances;  and  that  the  chloride,  and  next  to  that  the 
nitrate,  are  the  salts  best  adapted  for  the  purpose.  Silicic 
acid,  which  constitutes  the  greater  part  of  the  ash  in  many 
plants,  as,  for  instance,  the  stems  of  cereals,  cannot  be 
considered  a  nutrient  substance  in  the  same  sense  as 
those  already  described ;  since  it  has  been  proved  by  ex- 
periment that  it  is  not  absolutely  necessary  to  the  growth  of 
these  plants,  and  its  presence  appears  to  be  only  a  favour- 
able condition  to  their  perfect  development.  Nothing  more 
definite  is  known  respecting  it. 

If  plants  are  grown  in  fluids  which  contain  all  the  sub- 
stances necessary  for  their  life,  it  is  found  that  these  sub- 
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stances  are  not  taken  up  in  quantities  dependent  on  the 
concentration  of  the  fluid,  nor  on  the  proportion  of  the 
various  substances  contained  in  it  \  but  that  different  species 
of  plants,  on  the  contrary,  supply  their  needs  from  the  same 
fluid  in  different  ways.  In  consequence  of  this  pheno- 
menon, which  depends  on  causes  at  present  unknown,  a 
quantitative  *  selective  power  *  has  been  ascribed  to  plants. 
Since  plants  possess  no  volition,  the  term  is  an  unfor- 
tunate one  ;  but  it  seems  necessary  to  retain  it,  notwith- 
standing its  ambiguity,  since  no  better  one  has  been  sug- 
gested. With  reference  to  the  peculiarity  that — setting 
aside  nitrogenous  food-materials — different  species  take  up 
in  preference  different  nutrient  substances,  plants  may  be 
distinguished  as  calcareous,  alkaline,  siliceous,  &c.  Legu- 
minosae,  for  example,  are  specially  dependent  on  lime,  pota- 
toes and  turnips  on  potash,  all  plants  in  which  the  seed 
is  remarkably  developed  on  phosphoric  acid,  cereals  and 
grasses  generally  on  silica,  &c. 

The  cultivation  of  crops  withdraws  from  the  soil  immense  quantities 
of  substances ;  so  that  sooner  or  later  the  moment  must  arrive  when  the 
produce  will  diminish,  and  at  length  altogether  cease,  unless,  those 
constituents  of  the  soil  which  the  crops  have  withdrawn  from  it  be 
replaced.  The  object  of  the  agriculturist  must  therefore  be  so  to 
work  his  ground  that  the  soil  never  becomes  exhausted,  but  that  he 
shall  constantly  obtain  abundant  crops  and  an  adequate  interest  on  his 
capital,  the  soil.  There  are  two  modes  of  securing  this  :  by  a  carefully 
selected  succession  of  different  crops,  and  by  manures.  He  must  of 
course  in  addition  depend  on  a  suitable  mechanical  working,  loosen- 
ing, and  irrigating  of  the  ground. 

In  consequence  of  the  selective  power  of  plants,  a  succession  of  a 
number  of  crops  of  an  alkaline  plant  causes  the  soil  to  become  for  a 
time — and  at  length  when  all  the  alkalies  have  been  consumed,  per- 
manently— unproductive  for  plants  of  this  description.  But  while  the 
alkaline  plant  has  the  power  of  withdrawing  an  unusual  proportion  of 
alkalies  from  the  soil,  it  leaves  all  the  other  nutrient  substances  com- 
paratively untouched.  These  substances  therefore  accumulate  in  the 
soil,  the  small  consumption  of  them  being  outweighed  by  the  decom- 
posing influence  of  the  atmosphere,  which  is  constantly  reducing  to  a 
soluble  condition  small  quantities  of  soil,  and  thus  rendering  their  con- 
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stituents  available  for  nutrition.     The  substances  which  are  thus  made 
available  for  the  plant  are  retained  by  fertile  soils,'  and  thus  their  solu- 
tion by  rain,  &c.  ensured  for  at  least  a  sufficient  time  for  the  whole  of 
the  soil  to  become  completely  saturated  by  them.      It  is,  therefore, 
essential   to   good   agriculture   that   the   crop    of  the   alkaline  plant 
should  be  followed  by  one  of  another  kind,  say  a  siliceous  plant ;  and 
thus  a  well-chosen  succession  of  different  crops  will  remove  from  the 
soil    one   substance  after   another.      This  rotation  must  be  continual 
until  the  substances  first  withdrawn  are  restored  in  such  proportion  and 
distribution  that  the  same  series  of  crops  may  again  be  grown.     In 
former  times  the  influence  of  the  atmosphere  on  the  soil  was  utilised 
by  cultivating  only  a  portion  of  the  soil,  the  rest  being  left  untilled  or 
fallow;  but  it  is  now  acknowledged  that  this  mode  of  agriculture  is  not 
economical.     In  those  districts  where  it  pays  to  cultivate  large  tracts  of 
land,  no  considerable  portion  is  now  left  fallow ;  but  the  object  is,  by 
a  good  rotation  of  crops,  to  use  up  as  equally  as  possible  all  the  con- 
stituents of  the  soil.     Even  under  the  best  system  of  agriculture,  how- 
ever,  the  soil  must  become  gradually  exhausted,  and  this  exhaustion 
must  be  artificially  counteracted.      This   purpose    is    effected    by  a 
scientific  system  of  manuring,  by  which  those  substances  are  supplied 
to  the  soil  of  which  it  has  most  need.     According  to  circumstances  the 
most  various  organic  and  inorganic  substances  may  be  employed  as 
manures.     If,    for  example,  there  is  a  deficiency  of  nitrogenous  sub- 
stances, an  addition  of  nitrates  or  guano  is  made.     We  cannot  here 
enter  further  on  the  physical  changes  in  the  constitution  of  the  soil, 
often  so  advantageous  or  even  indispensable  to  vegetation,  caused  by 
the  rotation  of  crops  and  by  manuring.     In  Sicily  and  Asia  Minor, 
once  *  the  granary  of  Rome,'  in  Campania  and  Spain,  at  one  time  so 
fruitful,  we  have  the  most  sad  and  instructive  examples  of  the  exhaus- 
tion of  the  soil.     Care  must  on  the  other  hand  be  taken  not  to  impart 
to  the  soil  such  substances  as  are  injurious  to  vegetation.     Manuring 
with  chlorides  such  as  sodium  chloride  (common  salt),  for  example, 
while  increasing  the  weight  of  root-crops,  has  a  decidedly  injurious 
effect  on  their  quality. 

The  nutrient  substances  taken  up  by  plants  are,  how- 
ever, by  no  means  adapted,  in  the  raw  state,  to  take  part  in 
the  construction  of  any  vegetable  structures  ;  they  must,  on 

'  It  has  not  yet  been  ascertained  whether  this  is  brought  about  by 
attraction,  or  by  decomposition  and  transformation  into  other  com- 
pounds. 
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the  contrary,  undergo  important  transformations,  and 
come  changed  into  organic  compounds  suitable  for  nutti 
This  process  of  asiiniilation  may  be  compared  to 
digestion  of  food  by  animals,  i.e.  to  its  conversion 
blood  ;  but  still  differs  greatly  from  that  process,  since 
animal  takes  up  organic  compounds  already  existing  as  : 
which  have  only  to  undergo  change,  while  plants  hai 
construct  more  highly  complicated  out  of  simpler  > 
pounds,  or,  possibly,  even  out  of  their  constituent  elem 
The  fact  that  the  compounds  which  are  absorbed  inti 
plant  are  usually  very  rich  in  oxygen,  while  the  substan 
the  plant  itself  contains  only  a  small  proportion  of  that 
ment,  shows  that  assimilation  must  be  a  process  of  deoxid 
or  of  elimination  of  oxygen.  It  can,  therefore,  take  ] 
only  in  those  cells  which  contain  chlorophyll,  and  u 
the  influence  of  light ;  because  it  is  only  in  those  pai 
the  plant,  and  only  under  the  action  of  sufficient  light, 
oxygen  is  given  off.  The  leaves  are,  therefore,  the  prin 
organs  of  assimilation. 

It  is  not  at  present  possible  to  follow  step  by  stei 
process  of  assimilation  ;  it  seems  to  depend  mainly  on 
following  forces  :  (i)  the  evaporation  of  the  water  conta 
in  the  nutrient  sap  by  transpiration  ;  (z)  the  decompos 
of  carbon  dioxide  and  the  fixation  of  carbon  ;  (3)  the 
mation  of  albuminoids  which  are  essential  for  the  pro 
tion  of  protoplasm  and  chlorophyll  ;  (4)  the  formation  o 
substances  from  which  cellulose  is  produced,  viz.  starch 
different  kinds  of  sugar,  oil,  and  inulin. 

Since  the  growth  of  plants  can  take  place  only  al 
expense  of  assimilated  substances,  it  is  of  the  highest 
portance  that  a  number  of  the  products  of  assimil; 
should  be  transported  from  the  places  where  they  are 
duced,  and  made  to  take  their  part  in  the  vital  processi 
the  plant ;  and  they  have  therefore  to  be  stored  up  at 
tain  points,  in  order  to  serve,  as  required,  as  reserve-mater 
Some  of  these  reserve-materials  are,  for  example,  again 
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solved  in  the  spring  at  the  commencement  of  the  period  of 
vegetation,  and  thea  employed  in  the  production  of  new 
organs,  especially  the  leaves. 

The  decomposition  of  the  carbon  dioxide  contained  in  the  atmosphere 
is  the  main  source  of  the  carbon  required  for  building  up  the  tissues  of 
plants.  Only  those  cells  which  contain  chlorophyll,  and  then  only  under 
the  influence  of  sunlight,  have  the  power  of  decomposing  the  carbon 
dioxide  which  they  take  up,  and  of  producing  organic  compounds  out 
of  its  elements  and  those  of  water,  with  elimination  of  an  equal  volume 
of  oxygen,  or  in  other  words  of  assimilating.  It  is  highly  probable  that 
in  this  process  the  carbon  dioxide  loses  only  one  half  of  its  oxygen,  the 
other  half  of  the  oxygen  which  is  evolved  resulting  from  the  decompo- 
sition of  water.  It  is  only  living  chlorophyll  that  has  the  power  of  de- 
composing the  carbon  dioxide  ;  and  in  general  both  sides  of  the  leaf  take 
part  in  this  process,  though  with  different  energy.  Light  and  heat  are 
absolutely  necessary  for  it ;  a  small  deficiency  of  heat  may  be  compen- 
sated by  more  intense  light,  but  there  are  limits  which  cannot  be  passed 
(see  Fig.  373,  p.  213).  Plants  which  do  not  contain  chlorophyll  have  no 
power  of  decomposing  carbon  dioxide,  and  hence  of  assimilating ;  they 
must  therefore  obtain  their  nutriment  from  substances  already  assimi- 
feted;  and  hence  grow  either  on  or  in  animals  or  other  plants  as  parasites, 
and  obtain  their  nutriment  from  them,  or  live  [as  saprophytes]  on 
organic  substances  actually  undergoing  decomposition,  and  absorb  their 
organic  constituents  before  they  are  completely  decomposed. 

The  mode  of  formation  of  albuminoids  is  still  unknown  ;  it  has  not 
even  been  accurately  ascertainei  at  what  spot  they  are  produced.  The 
most  probable  solution  is  that  they  are  formed  at  those  spots  where 
calcium  oxalate  is  stored  up,  because  this  salt  is  formed  by  the  decom- 
position of  calcium  sulphate,  the  sulphur  of  which  passes  over  into 
the  albuminoids  (See  p.  168). 

Neither  is  it  yet  known  how  cellulose  is  formed,  although  access  of 
atmospheric  oxygen  appears  essential  to  its  production.  It  is  tolerably 
certain  that  search,  sugar,  inulin,  and  oil  are  the  materials  out  of 
which  the  protoplasm  constructs  the  cell-wall ;  at  least  substances  of  this 
description  which  are  stored  up  in  the  cells  always  disappear  when  an 
energetic  formation  of  cellulose  is  going  on. 

Starch  is  invariably  formed  originally  within  the  grains  of  chlorophyll. 
Light  is  necessary  for  this  ;  but  the  very  small  intensity  of  light  which 
suffices  for  the  formation  of  chlorophyll  is  not  sufficient  for  that  of  starch 
or  of  the  drops  of  oil  which  sometimes  replace  it.  In  direct  sunshine 
starch  is  pnxtaccd  in  the  green  parts  of  plants  almost  at  the  vex^ 
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nioroent  ia  which  the  rays  of  light  fall  upon  them  ;  nnd  in  di 
ijayliglil  ofler  a  shott  lime.  Plants  gio»-n  in  the  dark,  and  the 
etiolated,  develope  chloiophyll  first  when  exposed  to  light,  and 
starch  in  the  chlorophyll -grains.  In  Ihe  dark,  starch  istransforme 
other  nearly  related  but  soluble  sutctances,  such  as  sugar,  dextrin, 
which  become  dislribuled  thiough  Ihe  whole  plant,  and  is  again  fi: 
the  form  of  starch  as  a  reserve- material  at  particular  places,  as  in  the 
of  cereals,  tnc  tubers  of  the  potato,  &c  Whether  or  lo  what  exte 
nilrr^enous  consliluenu  assist  in  these  processes  is  slitl  unknown. 

The  processes  of  life  cannot  be  conceived  as  goin{ 
even  in  unicellular  plants,  without  a  continual  moveme 
those  substances  which  are  necessary  to  their  life.  Ir 
most  simply  organised  plants  these  processes  are  sir 
but  become  more  complicated  as  we  ascend  in  the  scali 

The  direction  in  which  the  assimilated  substances  i 
varies  according  lo  the  vital  needs  of  the  plant.  The) 
be  transported  from  the  places  where  they  are  foi 
directly  to  those  where  they  are  required,  or  to  resenm 
reserve-maferial,  where  they  are  stored  up  until  the> 
again  carried  to  the  parts  where  they  are  consumed,  H 
perennial  plants  have  their  chief  reservoirs  in  their  st 
rhizomes,  bulbs,  or  tubers ;  while  those  which  do  not 
fruit  more  than  once  have  the  greater  part  of  their  as; 
lated  substances  stored  up  in  their  seels. 

It  may  be  taken  as  nearly  certain  that  in  plants  hi 
in  the  scale  than  Mosses,  in  most  if  not  in  all  cases 
transport  of  the  assimilated  nutrient  sap  takes  place  Xhr> 
two  forms  of  tissue.  The  soft-bast  is  chiefly,  though 
exclusively,  the  conducting  tissue  of  the  albuminous  r 
,  iaginous  alkaline  compounds  ;  while  the  parenchyma, 
of  the  cortex  and  of  the  pith,  is  the  chief  agent  in  the 
duction  of  non- nitrogenous  substances,  such  as  starch,  si 
inulin,  oils,  and  acids.  The  laticiferous  and  the  utrii 
vessels  also  contain  reserve- materials  of  a  different  I 
which  can  be  made  use  of  when  required  ;  but  the  tti 
ment  of  the  fluids  contained  in  them  is  more  slu^sh 
in  a  small-celled  tissue. 
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Tlie  expcTiments  of  I^lanstein  were  the  first  (o  prove  this  [i.'Lnc. 
From  the  cut  branches  of  various  dicotyledonous  plants  he  removed, 
above  Ihe  cut  surface,  a  circular  piece  of  bark,  and  then  placeil  the 
branch  in  water.  The  result  was  that  in  those  species  which  possess  no 
isolated  vascular  bundles,  no  cambium  cells,  and  no  sieve-tubes  in  the 
medullary  sheath,  no  roots  sprang  from  below  the  place  from  which  the 
bark  had  been  removed,  or  at  least  very  few  in  proportion  lo  the  si7eof 
tlie  piece  of  bark  below;  white  above  that  part  a  large  number  of  E^lrong 
roots  were  formed  (Fig.  348).  In  those  plants,  on  the  other  hand,  tike 
Mirabilis  yalafa  and  Am/iraiMiis 
sangiiiiK/is,  which  have  isolated 
vascular  bundles  in  the  pith,  or, 
hUe Mn'iimOlaiader ajid  SolUHum 
Didcaiiiara,  cambium-bundles  or 
sieve-tubes,  an  abundance  of  roots 
were  formed  even  below  the  jjart 
where  the  bark  had  been  re- 
moved. The  conclusion  is  un- 
avoidable that  substances  essential 
lo  nutrition  are  conducted  only 
through  the  elongated  cambium- 
or  sieve-tube  cells.  In  these  cell- 
bumlles,  however,  non -nitrogenous 
substances  occur  only  exception- 
ally, that  is  only  at  periods  when 
lai^e  quantities  must  be  trans- 
ported in  a  short  time ;  and  in 
many  plants  Ihey  are  never  found 
there.  The  conclusion  may  hence  fm.  j,b.— 
be  drawn  ihat  other  groups  of  cells  "-r"  has 
bci^des  the  elongated  ones  also  nxm » s 
take  part  in  the  transport  of  the 
assimilated  sap  ;  and  these  are  most  probably  certain  groups  of  paren- 
chymatous cells  which  are  distinguished  by  containing  very  fme-grained 
starch,  and  which  can  l>e  recognised  at  once  by  this. 

It  follows  from  what  has  been  said  that  the  old  view  of  an  ascending 
sap  in  the  spring  and  a  descending  current  in  the  autunm,  must  be 
modified  ;  that  the  sap  certainly  rises  in  the  spring  after  the  close  of 
the  winter's  period  of  leat ;  but  that  this  ascending  current  continues 
throng  the  whole  period  of  growth,  as  does  also  the  descending 
current ;  and  that,  as  need  arises  in  the  plant,  horiiontal  currents  also 
pass  through  its  tissues.     The  old  comparison  between  the  circuluiicsi^, 
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of  the  blood  in  animals  and  that  of  the  sap  in  plants  must  therefore  be 
entirely  abandoned. 

If  now  we  inquire  what  are  the  causes  of  the  movements  of  the 
assimilated  nutrient  sap,  it  is  impossible  to  give  a  definite  answer, 
because  the  action  of  organised  and  living  protoplasm  introduces  inde- 
terminable factors.  It  may,  however,  be  assumed  that  the  law  of 
diffusion  in  its  widest  sense  is  one  cause  of  these  currents.  The  move- 
ment in  cells  enclosed  on  all  sides  is  brought  about  by  two  causes  :  the 
force  of  osmose  and  the  tension  of  the  tissues,  that  is  the  force  exercised 
on  the  conducting  cells  by  the  surrounding  ones.  The  movement  of  the 
sap  can  take  place  more  readily  in  intercommunicating  tubes  than  in 
closed  cells,  as  is  seen  in  laticiferous  vessels  and  sieve-tubes.  Thus,  for 
example,  in  the  celandine,  Chelidonium  majusy  the  slight  rise  in  tem- 
perature caused  by  the  approach  of  the  hand  at  the  distance  of  an  inch 
is  sufficient  to  cause  a  current  of  latex  towards  the  colder  parts  which 
may  be  perceived  under  the  microscope.  This  movement  is  obviously 
occasioned  by  the  pressure  or  tension  which  the  swelling  of  the  neigh- 
bouring cells  exercises  on  the  thin-walled  laticiferous  vessels.  Other 
forces  besides  those  already  mentioned  operate  in  these  tubes,  especially 
the  curvatures  and  torsions  of  particular  parts  of  the  plant  occasioned 
by  the  influence  of  light,  gravitation,  and  the  wind. 

The  products  of  assimilation,  when  transferred  to  other 
cells,  and  when  brought  into  actual  use,  undergo  a  variety  of 
changes  which  are  included  under  the  term  metastasis.  Thus, 
for  example,  when  the  starch  formed  in  the  leaves  of  the 
potato  is  to  be  transferred  into  the  tubers  as  a  reserve- 
material,  it  must  first  be  transformed  into  a  soluble  substance, 
viz,  glucose.  This  glucose  is  distributed  through  the  con- 
ducting tissues  ;  and  being  again  transformed  into  starch  in  the 
cells  of  the  tuber,  all  the  starch  gradually  collects  in  these 
organs.  By  the  close  of  the  period  of  growth,  all  the  chloro- 
phyll-grains are  also  dissolved  and  carried  into  the  permanent 
organs,  together  with  all  the  other  substances  which  are  sub- 
sequently to  be  employed.  Many  products  of  metastasis 
are  of  no  further  use  in  the  construction  of  new  cells,  but 
remain  stored  up  and  inactive  at  the  spots  where  they  are 
produced.  These  are  termed  secondary  products  of  meta- 
stasis^  and  comprise   the  volatile   oils,  resin,  caoutchouc, 
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gum-like  substances,  tannin,  pigments,  acids,  alkaloids,  wax, 
pectin,  &c.  Other  substances,  known  as  degradation-pro- 
ducts^ are  produced  only  by  subsequent  changes  in  the  sub- 
stance of  organised  structures  ;  such  are  the  mucilage  of 
quince-seeds  and  linseed,  and  perhaps  also  lignin  and  cork 
(see  p.  23). 

The  object  of  the  processes  of  assimilation  and  meta- 
stasis, the  nutrition  of  cells  already  existing  and  the  formation 
of  new  ones,  is  at  present  kno^oi  only  in  its  most  general 
features.  The  little  that  is  known  consists  of  the  laws  of 
cell-fonnation  already  mentioned,  and  of  the  fact  that  the 
cell-wall  grows  by  intussusception^  that  is,  by  the  formation 
of  fresh  molecules  between  those  already  in  existence.  ^ 


REPRODUCTION. 

The  great  office  assigned  to  vegetation  of  covering  the 
surface  of  the  earth  with  forms  of  organic  life,  and  trans- 
forming inorganic  into  organic  substances  in  order  to  support 
the  life  of  man  and  other  animals,  requires  that  plants  be 
endowed  in  a  remarkable  manner  with  the  power  of  repro- 
duction, that  is,  of  producing  individuals  of  the  same  species, 
in  order  that  the  short  duration  of  all  earthly  life  may  not 
result  in  the  world  being  soon  deprived  of  its  covering  of 
vegetation,  and  all  life  perishing  in  consequence.  For  this 
purpose,  particular  cells  of  the  plant  begin,  at  definite  times, 
an  independent  growth,  and  thus  cany  on  a  life  of  their 
own,  often  not  in  connection  with  the  parent  plant.  Such 
cells  are  called  reproductive  cells,  and  the  plant  which  re- 
sults from  one  of  them  constitutes  a  d\^X\x\ct  generatioJt,  The 
successive  generations  are  only  rarely,  as  in  some  Algae  and 
Fungi,  alike  ;  as  a  rule,  generations  of  a  different  kind  follow 

'  [This  sentence  is  somewhat  altered  from  the  original,  where  a  dif. 
ferent  definition  is  given  to  the  term  *  intussusception '  from  that  usually 
adopted,  and  previously  employed  in  this  work. — Ed.] 
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one  another.  For  example,  a  generation  of  tne  kind  a  will 
produce  one  of  the  kind  b,  and  this  again  one  of  the  kind  a. 
This  kind  of  development  is  called  an  alternation  of  genera- 
tions. 

Processes  of  reproduction  are,  again,  of  two  essentially 
different  kinds.  While  one  class  or  group  of  reproductive 
cells  are  capable,  without  further  preparation,  of  giving 
rise  to  a  new  plant,  another  class  only  have  this  power  im- 
parted to  them  by  other  cells  which  stand  to  them  in  a 
relation  of  contrast.  The  former  kind  are  termed  in  general 
asexual  reproductive  cells,  the  latter  germ-cells  or  oospheres. 

Reproduction  by  asexual  reproductive  cells  [asexual  re- 
production'] occurs  in  a  variety  of  modifications,  some  less, 
some  more  perfect,  and  is  variously  termed  reproduction 
by  spores,  ganmce,  bulbils,  conidia,  buds,  gonidia,  &c. 

The  most  common  mode  of  multiplication  in  the  lower 
plants  is  by  means  of  spores}  This  term  may,  in  general, 
be  applied  to  all  those  simple  reproductive  cells  which  arise 
under  the  ordinary  conditions  oi'  life.  In  by  far  the  greater 
number  of  cases  they  are  simple  cells  enclosed  in  a  single 
or  double  cell-wall,  and  formed  at  particular  places,  very 
commonly  in  special  receptacles  to  which  the  name  spo- 
rangia is  given.  The  great  variety  that  prevails  in  the  form, 
function,  permanence,  and  mode  of  formation  of  spores  has 
led  to  the  use  of  a  number  of  special  terms,  of  which  those 
in  most  common  use  will  be  hereafter  mentioned  and  ex- 
plained.^     (See  e.g.  Figs.  393-433»  44°,  450-) 

• 

'  [The  term  *  spore  *  is  unfortunately  currently  used  in  cryptogamic 
botany  in  the  widest  and  vaguest  sense.  In  Fungi,  Mosses,  and  most 
Vascular  Cryptogams,  the  spores  are  asexual  reproductive  cells  in  the 
sense  here  employed,  as  also  are  the  *  tetraspores '  of  the  Rhodosj^oreae. 
But  the  *  zygospores  '  of  Conjugatoe  and  the  '  resting-spores  *  of  some 
other  Algse  are  the  result  of  a  process  of  union  ;  while  the  *  spores '  of 
the  Fucaceae  are  oospheres  which  require  to  be  fertilised  in  order  to 
enable  them  to  germinate. — Ed.] 

^^  [Special  mention  should  be  made ,  under  the  head  of  a  sexual  repro- 
ductive cells,  of  zoospores  or  sivai'visporeSy  bodies  found  exclusively  in 
Cellular  Cryptr>g  ims,  endowed  with  a  remarkable  spontaneous  power  of 
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The  formation  of  spores  proceeds,  as  has  already  been 
mentioned,  only  under  the  ordinary  normal  conditions  of 
life ;  when  the  conditions  are  abnormal,  they  are  replaced  by 
conidia.  Thus,  for  example,  in  Mucor  Mucedo,  the  brown 
mould  which  appears  so  commonly  on  rotten  fruit,  the  fila- 
ments of  cells  break  up,  when  the  supply  of  nutrient  sub- 
stances is  insufficient,  into  separate  cells  which,  under 
favourable  circumstances,  are  capable  of  development  into 
perfect  plants.  Although  conidia  are  so  similar  and  so 
nearly  related  to  spores,  it  appears  nevertheless  most  con- 
venient to  treat  them  as  distinct,  from  the  fact  of  their  being 
morbid  products. 

Gonidia  may  be  regarded  as  a  higher  condition  of 
conidia,  and  are  almost  peculiar  to  Lichens.  They  are 
usually  small  groups  of  cells  which  are  not  united  with  one 
another  by  any  definite  law  (see  Fig.  409,  p.  285). 

In  gemma  the  cells  are  united  into  regular  groups,  and 
only  in  this  condition  detach  themselves  from  the  parent 
plant.  They  occur  especially  in  the  Muscinese..  In  the 
Hepaticae  they  are  developed  in  special  bowl-shaped  con- 
ceptacles  (Fig.  349) ;  in  Mosses,  on 
the  contrary,  on  the  stem,  rhizoids, 
leaves,  and  in  short  on  all  parts  of 
the  plant. 

Special  interest  attaches  to  the 
mode  of  reproduction  by  means  of 
buds.  These  are  larger  assemblages 
of  dissimilar  cells,  and  are  moder- 
ately  highly  organised  germs  of  new  ^'Sg^^emST^frL^roi?; 
plants,  inasmuch  as  they  already  ^^'^^l\  poiymorpha 
consist  of  axial  and  foliar  organs. 
They  are  also  not  distributed  irregularly  over  the  parent 


motion.  Their  mode  of  development  and  of  propagation  will  be  ex- 
plained more  at  length  in  the  systematic  section  cf  the  work  (see  Chap. 
VI.  p.  250).-  Ed.] 

N  2 
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plant,  like  the  reproductive  organs  already  mentioned,  but 
are  usually  attached  to  definite  positions,  being  found 
almost  exclusively  in  the  axils  of  leaves.  The  mode  of 
reproduction  by  buds  is  of  the  highest  practical  import- 
ance, and  is  made  use  of  by  gaideners  in  a  great  variety  of 
ways,  since  by  this  means  not  only  is  the  species  but  the 
particular  variety  propagated,  which  is  not  always  the  case 
in  reproduction  by  seeds,  lo  this  class  belong  repro- 
duction by  bulbils,  runners,  nitiin-^s,  grafting,  layering,  and 
budding.  In  these  processes,  so  different  in  their  external 
appearance,  reproduction  depends  simply  on  the  further 
development  of  buds  which  have  become  spontaneously 
detached  from  the  parent    plant,  or  artificially  separated 

Bulbils  are  endowed  in  a  high  degree  with  the  power 
of  independent  life  ;  they  become  spontaneously  detached 
from  the  parent  plant,  and,  when  they  fall  to  the  ground, 
continue  to  grow  like  seedlings.  They  occur  especially  in 
bulbous  plants ;  in  the  hyacinth,  for  example,  in  the  axils  of 
.  the  bulb -scales  (Fig.  laz,  p.  82),  in  some  lilies 
in  the  axils  of  the  foliage- leaves  (Fig.  350), 
i  and  in  some  species  of  Allium  within  the  in- 
'  florescence.  More  rarely  they  are  found  on 
'  the  surface  of  the  leaf,  as  in  Cardamine  pra- 
tensis,  \Bry6phyll\ini\,  and  some  Ferns. 

Multiplication  by  the  division  of  under- 
ground [or  aijrial]  stems,  as  in  the  Aster  and 
couch-grass,  Triliaim  repens,  and  by  runners, 
^Liu^^'^bM^l '^'^  '"  ^^^  strawberry,  is  so  simple  and  so 
™m :    I    biaihiis  well  known  as  not  to  require  further  descrio- 

devtloped   in   Ihe     .  ^  ' 

aiil>  of  Ihe  leaves  tlOn. 

While  in  all  the  cases  already  described 
buds  which  have  separated  sjiontaneously  from  the  plant  have 
at  once  a  power  of  new  growth ;  in  cuttings,  grafts,  layers, 
and  buddings,  on  the  other  hand,  the  wound  caused  by  an 
artificial  and  violent  separation  must  first  heal.    The  forma- 


The  L  ife  of  the  Plant.  1 8 1 

live  cambium  is  excited  into  activity,  masses  of  succulent  cells 
are  formed,  swell  up  to  a  certain  extent  between  the  inner- 
most layer  of  bark  and  tlie  wood,  and  spread  laterally  ovei 
the  cut  ends  of  both  xylem  and  phloem,  these  latter  taking 
no  part  in  ihe  formation  of  new  tissue  (Fig.  352}.  Thus  is 
formed  a  spongy,  cartilaginous,  succulent  cushion  of  tissue, 
known  to  gardeners  as  a  callus.  At  the  same  time  the 
outer  wounded  parts  of  the  bark,  and  sometimes  also  the 
pith,  are  protected  from  further  injury  by  a  newly  formed 
cork-tissue.  In  cuttings  (Fig.  352),  i.e.  cut  branches  planted 
in  the  earth,  the  roots  are  developed  either 
through  the  tissue  of  the  callus  or  near  it, 
but  always  directly  from  the  cambium. 
In  grafting,  layering,  and  budding,  the 
cambium  plays  the  same  part  as  in  ihe 
cutting,  giving  rise  to  the  recuperatii'c 
mass  of  healing  tissue,  or  callus.  This 
forces  itself  into  the  injured  space  between 
tJie  bark  and  the  wood  (Fig.  351),  fills  it 


up  in  all  directions,  covers  up  the  dead  parts  of  the  tissue, 
and  causes  those  parts  that  are  still  active  to  coalesce  with 
one  another.     The  various  modifications  of  this  process  are 
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of  greater  interest  from  a  practical  than  a  scientific  point  of 
view.  In  grafiir^  {Figs.  35'.  3S3)  ^  branch  of  a  superior 
variety  is  planted  on  a  stock  of  a  wild 
variety.  In  budding,  a  bud  to  which  a 
piece  of  the  bark  is  still  attached  is  in- 
serted into  a  T-shaped  inci^on  beneath 
the  bark  of  tlie  stock  (Fig.  354),  In  all 
s  the  wounded  pari  must  be  protected 
externally  by  wrapping  round  with  bast 
and  covering  up  with  cotton-wool  or  some 
other  substance  from  the  injurious  influ- 
ence of  the  aimosphere.  In  these  various 
processes  the  point  of  junction  between 
the  stock  and  the  graft  forms  a  boundary- 


line  ;  all  the  parts  developed  above  this  line  belong  to  the 
latter ;  all  those  beneath  it  to  the  stock.  The  graft  is  de- 
veloped altogether  spontaneously,  without  undergoing  any 
essential  change  from  the  stock;'  while  the  stock,  if  the 
buds  formed  on  it  are  allowed  to  grow,  developes  its  own 
proper  leaves,  flowers,  and  fruit. 

This  independent  growth  of  a  bud  in  contact  with  the 
stock  of  another  plant  takes  place,  however,  only  when  the 

'  [The  graft  and  the  stock  do,  however,  exercise  a  certain  amount  of 
reciprocal  influence  the  one  on  [he  other  ;  and  in  certain  cases  hybrids 
or  iiilermediate  forms  between  the  (wo  are  produced.  —  El).] 
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two  belong  to  nearly  related  species.  The  peach  can  be 
grafted  on  a  plum-stock,  but  not  the  rose  on  an  oak. 

Reproduction  by  means  of  oospheres  or  germ-cells  is  es- 
sentially different  from  the  modes  already  described  ;  since 
here  cells  of  two  different  kinds  are  necessary  to  produce 
the  new  plant  by  their  mutual  action  the  one  on  the  other, 
the  cells  of  each  kind  having  no  power  of  propagation  in 
themselves  alone.  This  process  of  mutual  action  is  called 
fertilisation  or  impregnation^  and  involves  a  distinction  be- 
tween the  fertilising  or  male^  and  the  fertilised  or  female 
element.  This  latter  becomes,  after  fertilisation,  the  germ 
of  the  future  plant. 

Of  the  various  processes  of  fertilisation  we  can  here  only 
describe  that  which  is  characteristic  of  all  flowering  plants 


B. 


c. 


D. 


E. 


or  Phanerogams.  The  organs  of  re- 
production— the  male  pollen^  and  the 
female  oimle — are  in  them  collected  in 
the  flower^  and  form  its  essential  con- 
stituents, and  the  process  of  fertilisation 
consists  in  the  pollen  exercising  an 
influence  on  the  ovule,  by  which  a 
further  development  is  induced  in  the 
latter.  In  those  plants  in  which  the 
ovules  are  enclosed  in  an  ovary  it  is 
necessary  that  the  pollen  should,  in  the 
first  place,  fall  upon  the  stigma.  The 
period  of  maturity  of  the  pollen  and  of 
the  capacity  of  the  ovule  for  fertilisation 

generally  coincides  with  that  of  the  expansion  of  the  flower. 

The  anthers  then  open,  and  the  pollen-grains  (F\^.  "Vb^  "^"^^ 


Fig.  355.— Pollen-grains ; 
A  Citcurbita  ;  b  Fnssi- 
JJora  \  c  Cuphea  platy- 
centra  ;  d  Dipsacns 
Fullonum  \  e  pollen- 
masses  (pollinia)  of  Cyn- 
atichum  inncetoxicum 
(Asclepiadeae). 
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anenwphilous\  01 
or  by  peculiar 


carried  to  the  stigma,  either  by  the  wind  * 
by  the  agency  of  insects  \entomophilous\ 
movements  (see  pp.  203,  205)  of  the  stamens  or  carpels, 
and  remain  attached  to  it  in  consequence  of  its  exuding  a 
viscid  fluid.     If  we  consider  the  immense  number  of  jxillen- 
grains  produced  in  any  individual  flower,  and  in  addition 
the  fact  that  a  single  one  of  these  grains  sufldces  for  the  fer- 
tilisation of  an  ovule,  it  would  appear  at  first  sight  as  if 
ample  provision  were  made  in  the  majority  of  plants  for 
this  first  act  in  the  process  of  fertilisation,  especially  if  at- 
tention is  directed  to  the  relative  positions  of  the  anthers 
and  stigma.     Thus,  for  example,  in  most  plants  with  pen- 
dent flowers,  such  as  the  fuchsia,  the  anthers  are  always 
placed  higher  than  the  long-styled  stigma,  so  that  in  the  act 
kA pollination^  that  is,  the  dispersal  of  the  pollen,  some  pollen- 
grains   must    almost    inevitably   become  attached   to   the 
stigma.     But  in  spite  of  the  frequent  occurrence  of  such 
favourable  arrangements,  there  are    many  cases  in  which 
fertilisation  is  impossible  without  foreign  aid,  as  in  the  Or- 
chidese  and  Asclepiadeae  (Fig.  355  E),  in  which  the  pollen- 
grains  are  firmly  united  together  by  a  viscid  substance  into 
a  mass,   and  lie  undisturbed  in   the  open  anthers.      In 
these  cases  assistance  is  given  by  the  host  of  insects  which, 
in  their  search  for  honey,  fly  busily  from  flower  to  flower, 
penetrate  to  the  nectaries,  and  unintentionally  and  unknow- 
ingly carry  the  fertilising  pollen  from  one  flower  to  another. 
In  a  large  number  of  flowers,  as,  for  instance,  the  Legumi- 
nosse,  other  contrivances  are  also  found,  by  means  of  which 
the  pollen  is  conveyed  to  particular  parts  of  the  bodies  of 
the  insects  in  their  search  for  honey,  viz,  to  those  which 
must  come  into  contact  with  the  stigma  when  the  insect 
visits  the  next  flower.     And  since  the  majority  of  insects 

'  In  forests  consisting  of  those  trees  which  bear  catkins  (Amen- 
tiferae)  immense  clouds  of  pollen  are  often  seen  floating  in  the  air  at 
the  time  of  pollination,  which  are  sometimes  carried  to  the  earth  by 
showers  of  rain,  and  then  form  the  so-called  '  sulphur-rain/ 
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visit  only  particular  plants,  the  pollen  is  not,  as  a  rule, 
wasted  by  being  carried  to  a  flower  of  a  different  species. 
Too  great  importance  cannot  be  attached  to  this  function  of 
insects  ;  and  many  exotic  plants,  such  as  the  vanilla,  were 
long  cultivated  in  our  hot-houses  without  producing  fruit, 
because  the  insects  required  for  their  fertilisation  were  want- 
ing, until  their  place  was  supplied  by  artificial  pollination. 

In  particular  cases  in  which  fertilisation  would  otherwise  be  impos- 
sible, other  special  contrivances  are  found,  especially  in  water-plants. 
When  the  pollen-grains  come  into  contact  with  water,  with  a  very  few 
exceptions  (as  in  Ceratophyllum  and  Zosiera),  they  absorb  so  much  as 
to  cause  them  to  burst,  or  to  occasion  the  escape  of  their  contents  from 
one  of  their  pores  so  quickly  that  they  perish.  In  order  to  prevent 
this  injurious  effect  it  is  almost  invariably  the  case  that  submerged  plants 
raise  their  flowers  above  the  water,  as  in  Sagittaria  and  Hydrocharis, 
In  Utriculaiia  (Fig.  356),  the  bladders  on  the  leaves  which  are  pre- 
viously empty,  become  filled  with  air  at  the  time 
of  fertilisation,  raising  the  whole  plant  to  the  sur- 
face of  the  water,  while  it  again  sinks  at  the  close 
of  the  period  of  fl owei  ing.  In  Elaiiue  and  Alisv. a 
air-bladders  are  formed,  by  a  vital  activity  not  yet  ^S^iT^'^ 

accurately   investigated,    between   the    connivent  s 

stamens,  within  which  fertilisation  can  be  accom-  F'c.   356.  —  j   Bladcer 

1.  u   J        J-  ..     u  J       T"!.  i.  1     ui  from  a  leaf  of  Viricu- 

plished  undisturbed.     Ihe  most  remarkable  case     laria  vulgaris,  (x  4.) 

is,  however,  presented  by  the  dioecious  Vallisneria 
spiralis^  which  occurs  abundantly  in  marshes  in  SoMth  Germany.  The 
male  flowers  are  seated  on  very  short  pedicels  at  the  base  of  the  leaves, 
often  several  feet  below  the  surface  of  the  water ;  the  female  flowers 
on  the  contrary  on  very  long  pedicels,  which  at  a  particular  time 
become  greatly  elongated  and  raise  the  flowers  to  the  surface  of  the 
water.  The  male  flowers  then  become  detached  from  their  pedicels, 
rise  to  the  surface,  are  floated  among  the  female  flowers,  and  fertilise 
them.  After  this  has  been  accomplished  the  pedicel  of  the  female  flower 
coils  up  spirally,  and  the  fruit  ripens  beneath  the  water. 

Notwithstanding  that  appearances  would  seem  to  point  to  the  pistil 
being  always  fertilised  by  the  stamens  which  surround  it,  more  exact 
observation  has  nevertheless  shown  that  self-fertilisation  of  this  nature 
does  not,  as  a  rule,  take  place,  but  that  on  the  other  hand  cross-fertilisa- 
tion, i.e.  a  crossing  between  different  flowers  on  the  same  plant,  or 
between  flowers  on  different  plants  of  the  same  species,  is  mwok  tsxw^ 
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frequently  actually  found  in  nature.  The  main  support  of  this  view  is 
found  in  the  phenomena  of  dichogamy  and  heterostylism,  which  are 
found  to  occur  in  so  many  plants. 

By  dichogamy  is  meant  the  maturing  at  different  times  of  the  re- 
productive organs  in  a  hermaphrodite  flower.  Dichogamous  flowers 
are  either  proianirotis,  when  the  pollen  escapes  from  the  anthers  before 
the  stigma  in  the  same  flower  is  ready  for  fertilisation,  or  protogynoiiSy 
when  the  stigma  has  lost  its  capacity  for  fertilisation  before  the  pollen 
is  mature,  so  that  its  fertilisation  must  depend  on  the  pollen  of  older 
flowers.  Most  species  of  Geranium^  Pelargonium^  -Mz/z/<7,Umbelliferae, 
Compositoe,  and  Campanulaceat,  are  protandrous  ;  while  among  proto- 
gynous  plants  [which  are  much  less  common]  may  be  mentioned 
species  of  Magnolia^  Aristolochia  XScrophulaiia^  Plantago\  &c. 

Heta'ostylism  consists  in  different  flowers  belonging  to  the  seme 
species  having  stamens  and  pistils  (styles)  of  different  lengths.  Thus, 
for  example,  in  the  cowslip  [and  primrose],  Linum  perennc,  and 
Pulmoftaria  officinalis  (Fig.  357),  two  different  forms  occur,  the  long- 


FlG.  357.— Dimorphic  flower  of  Pulmonaria  :  I.  long-styled  ;  II.  short-styled  form, 

a  corolla  ;  b  anthers  ;  c  ring  of  hairs  ;  d  pistil. 

styled  (i.),  and  the  short-styled  (11.).  This  difference  in  the  form  of  the 
leproductive  organs  is  called  dimorphism  ;  while  tntnorphism^  or  the 
existence  of  three  different  forms,  occurs  in  Lythrum  Salicaria  [and 
Ojcalis].  In  plants  in  which  this  arrangement  occurs,  fertilisation, 
or  the  production  of  fertile  seeds,  is,  as  a  rule,  effected  only  by  the 
union  of  the  reproductive  organs  which  stand  at  the  same  height,  and 
which  are  therefore  always  found  in  different  flowers  (Fig.  357  i.  d  and 
II.  </,  and  1.  ^and  11.  d)  ;  [it  is  obvious  that  this  will  easily  be  brought 
about  by  the  agency  of  insects.]  Finally  the  circumstance  is  specially  note- 
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worthy  Ihat  [n  some  Orchideie  {Nelylia.  Ontidiiini,  &c. ),  the  poUinalion 
of  the  sligma  by  poUeo-grains  from  the  same  flower  is  actually  poisonous, 
having  a  latally  injurioi^s  influence  on  the  whole  flower. 

When  pollination  has  been  fully  accomplished,  the 
pollen-grain,  excited  by  the  viscid  fluid  exuded  by  the 
stigma,  puts  out  one  or  more  long  tubes,  the  pollen-tubes 
(Fig.  358),  which  are  unicellular  and  usually  simple. 
These  penetrate  through  the  con-  ^^    ,  •■ 

ducting  tissue  of  the  style,  and  f^^\\^^^ 

reach  the  interior  of  the  cavity 
of  the  ovary  in  a  few  hours  ;  in 


rnoi.(x  ,0.) 

the  case  of  CoUkicum  in  about  twelve.  There  they  come 
into  contact  with  the  ovules  and  attach  themselves  closely  to 
them  (Fig.  359).  One  of  the  cells  of  the  nucleus  of  the 
ovule  has,  in  the  meantime,  grown  much  larger  than  the 
rest,  and  has  pressed  aside  and  absorbed  the  surrounding 
tissue.  This  is  the  embryo-sac,  in  which,  even  before  fer- 
tilisation, two  membranelesa  cells,  the  embryonic  or  germinal 
vesicles,^  have  been  formed,  which  are  fertilised  by  the  pollen- 

'  More   than  two  embryonic   vesicles  sometimes   occur,    thoa^K 
normally  in  only  a  few  plants,  as  CiCrai. 
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tube,  and  then  develope  into  the  imbryo.    Besides  the  env 

bryonic  vesicles,  the   embryo-sac   usually  contains  one  or 

more  cells,  the  function  j 

of   which    is    siill    un-  (^^ 

known,   and  which   are  '  '    ""  " 

called  the  antipodal  cells 

(Fig.  360),  because  they 

are  usually  found  at  the     le/^  \ 

base  of  the  embryo-sac.   .y^    ^  Jj 

Of  the  numerous 
pollen-tubes  which,  as  a 
rule,  reach  the  ovule, 
one  penetrates  through 
the  micropyle,  anii 
reaches  the  embryo-sac 
either  directly  or  by 
forcing  aside  the  tissue 


Fig,  3«o- Upper  I 


Fio.  .161.— Tilt  piocHs  of  fcnil 

ig  to  dcvElope  and 


ih-  apei  of  ihc  embryo-sac ;  j/  *"  Ihe  filiform  appiialus ;  ]f  y'  ihe 
lotinnHn  nwly  (or  feniliulion :  sr  ihe  wall  of  Ihc  embrya-ut ; 
1-lDbe  (/  whkh  hujiBt  fertiliHa  the  <wa  embryonn:  vcucln  in  con- 

;  tin  cdl-watls  which  lunound  lh«  batk  of  pmiopisun  arc  nill  vciy 
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which  still  lies  above  it.  At  the  apex  of  the  embryo-sac 
the  pollen-tube  comes  into  contact  with  the  embryonic 
vesicles,  and  fertilises  them  (Figs.  361,  362).  The  exact 
mode  in  which  this  happens  is  not  yet  known,  since  at  the 
time  of  fertilisation  the  pollen-tube,  which  is  sometimes 
more,  sometimes  less  considerably  swollen,  appears  to  con- 
tain no  substance  of  definite 
structure.  Immediately  after 
fertilisation,  the  embryonic 
vesicles,  which  were  before 
naked,  become  clothed  with 
a  cell-wall  of  cellulose,  and 
begin  at  once  to  develope. 
It  is  indifferent  whether  one 
or  both  vesicles  are  fertil- 
ised ;  one  almost  invariably 
perishes,  perhaps  from 
\s-ant  of  sufficient  nutri- . 
nient,  while  the  other  un- 
dergoes further  develop- 
ment. This  divides,  at  first, 
into  two  cells,  the  upper 
one  of  which  becomes  the 
suspmsor,  while  the  lower 
one  developes  by  frequent 
division  and  growth  into  the  , 

embryo  (Fig.  363).  The  sus-  ■'""  ^^  J;^^^"  '  J™  i,/"^^? ''?" 
pensor  is  sometimes  longer,    sm  <  «i  ihe    mc    tti  endospem     1 

■^    .     „  ^        T  *''™     "«     poll'"      «uspei.«.r      I  n.cl 

asmBorTagmeje,Cruciferse,  lube /ii  has  wt  men  of  hetmuryo. 
LabiatEB,  and  Scrophu-  t™  ihe'cmtf^*^  b*=™'bi'tg"fi™dV 
lariaceffi,  or  shorter,  as  Trnw"  *  mbly,^  c  ^'Sili  "  ""f  3S 
in  GramincK,  IrideK,  Lilia-  j"^'^,  '"i*™  '^  ^^'  ™'"'™«  ™ 
ce£e,  and  Polygonacese  ;  in 

a  few  cases,  as  Cynanchiim  and  Tropsolum  it  swells  up  con 
siilerahly,  and  is  then  called  the  pro  embryo  a  term  which 
should  properly  be  applied  to  it  in  ail  cases. 
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According  to  Hofmeister,  the  embryonic  vesicles  are  cells  of  proto- 
plasm destitute  of  a  cell-wall  lying  below  the  apex  of  the  embryo-sac, 
which  is  sometimes  more,  sometimes  less  strongly  thickened,  it  having 
Ihere  a  much  greater  refractive  power  of  light  and  often  a  wax-like  gU»ss. 
According  to  Schacht  this  shining  mass,  called  by  him  the  filiform 
apparatuSy   is  usually  striated,    and   forms   an   essential   part   of  the 

embryonic  vesicles,  destined  to  conduct  the  fer- 
tilising substance  from  the  pollen-tube  to  the 
balls  of  protoplasm,  subsequently  perishing, 
while  the  embryo  continues  to  develope. 

The  radicular  end  of  the  embryo  is 
always  developed  first  on  the  suspensor, 
and  hence  the  radicle  of  the  mature  em- 
bryo is  almost  always  turned  towards  the 
micropyle.      During  its  growth  the  em- 
bryo is  almost  always,  except  in  Orchideae, 
nourished  by  a  tissue  developed  in  the 
embryo-sac  (Fig.  364),  and  termed  the 
albumen  or  endosperm^  which  is  absorbed 
in  its  immediate  neighbourhood  by  the 
growth  of  the  embryo.     If  it  is  entirely 
Fig.  364. -Separated  em-  consumed  in  this  manner,  the  mature  seed 
//J^rthe  ^  en^osperSl  ^^  €xalbuminous  ;  if  a  portion  of  it  is  left, 
consisting  of  a  long  row  \i  jg  albwuinous.      When  a  portion  still 

of  celU :  one  of  the  cells  .  .  ^  .        ,^ 

in  the  middle  has  already    rcmams  Of  the  tlSSUC  Of  the  nUCleUS  ItSClf, 
divided  transversely;  /    ^i  •      •  n    j    ^i         .       •   -  r>K 

pollen-tube ;  k  rudiment  this  IS  Called  tlic  perisperm.     CannaceBB 
of  the  embryo.  \i^MQ,  a  perisperm,   but   no   endosperm, 

while  Nymphaeaceae  (Fig.  365)  have 
both.  The  cells  of  these  tissues  are 
finally  filled  with  a  quantity  of  nutrient 
substances  of  all  kinds,  which  serve  for 
F.o.  sis  ~  Longitudinal  ^^^^  Hutrition  of  the  young  plant  when 

section   through  a  seed    germinating, 
of  Nymphaa  :  c  testa  : 

b  perisperm:   a   endo-        These    processes   exhibit  an    alternation  of 
sperm :  it  embryo.  .♦  i.i,        u     u  -ri  ii  • 

generations^  although  obscure.    The  pollen-gram 

corresponds  to  the  microspore,   the  embryo-sac  to  the  macrospore,  of 

the  heterosporous  Vascular  Cryptogams  (see  Chap.  VI.,  p.  245). 


''^'H^ateJ 


xX 


The  Life  of  the  Plant. 


191 


The  processes  concerned  in  fertilisation  and  the  forma- 
tion of  the  embryo  in  Gymnosperms  (Coniferas  and  Cycadeie) 
differ  somewhat  from  that  now  described,  but  correspond  in 
all  essential  points.  The  differences  are  as  follows  :  in 
Gymnospemis  the  pollen-grain  falls  directly  upon  the  micro- 
pyle  of  the  ovule,  the  poUen-tiibe  being  developed,  not  as  in 
MonocotyledonsandDicotyledonsfrom  the  pollen-grain  itself, 
but  from  one  of  its  daughter-cells  (Fig.  366).  The  embryo- 
sac,  at  least  in  Coniferse,  is  filled  up  soon  after  pollination  with 
endosperm,  which,  however,  has  only  a  transitory  existence. 


P  pollen-paini ;  /jp;Jkn-lnbe» ;  c  two 
coipuscufes  in  ihe  embrro-sac  r.  ( X  Bo.) 


After  some  weeVs,  or  often  only  after  some  months,  it  is 
again  absorbed,  a  fresh  development  of  endosperm  taking 
its  place.  In  this  latter  are  formed  a  few  cells  of  larger 
size  than  the  rest,  the  secondary  embryo-sa^s  or  corpuscutes 
(Fig.  367),  the  number  of  which  differs  in  different  genera. 
After  some  time  each  of  them  splits  up  by  a  partilion- 
wall  into  two  cells,  a  smaller  upper  one,  the  neck-cell, 
a.id  a  larger  lower  one,  the  central  cell.     The  first  forms  the 
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neck,  either  remaining  simple  or  splitting  up  into  several 
contiguous  cells.  The  central  cell  developes  into  a  large 
oosphere^  which  is  surrounded  by  the  neighbouring  tissue  of 
the  endosperm  as  a  peculiar  enveloping  layer  of  cells.  The 
pollen-tube  now  advances  to  the  corpuscules,  becomes 
closely  applied  to  several  of  them,  or  penetrates  into  the 
neck  of  a  single  one,  often  even  into  the  central  cell,  and 
transfers  its  contents  to  the  oosphere.  This  is  the  moment 
of  fertilisation  ;  and  the  nucleus  of  the  oosphere  now  be- 
comes absorbed.  The  oosphere  now  breaks  up  in  its  lower 
part,  in  Cupressineae,  into  several  cells  lying  one  over 
another ;  or,  in  Abietineae,  a  layer  of  cells  is  developed  there 
by  repeated  cell-divisions.  These  cells  form  the  so-called 
pro- embryo,  which  in  the  course  of  its  development  breaks 
through  the  embryo-sac,  the  embryo  being  formed  at  its 
lower  end.  When  the  rudiment  of  the  embryo  is  carried 
into  the  loosened  endosperm  by  the  pro-embryonic,  cells 
which  are  often  greatly  elongated,  the  corpuscules  gradually 
coalesce  before  their  contents  are  completely  absorbed  and 
consumed. 

The  germination  of  many  seeds  takes  place  as  soon  as 
they  escape  from  the  fruit  and  attain  favourable  conditions 
of  moisture  and  warmth  ;  in  others,  on  the  contrary',  a 
period  of  rest  seems  to  be  necessary  in  order  for  them  to 
ripen,  t.e,  to  become  capable  of  germination,  by  slow 
changes,  probably  of  a  chemical  nature.  The  radicle  of  a 
seed  of  the  willow  pierces  the  testa  as  soon  as  twelve  hours 
after  sowing  ;  and  if  it  is  allowed  to  remain  dry  for  only 
twelve  days  it  loses  its  capacity  for  germination.  The  seeds 
of  the  elm,  poplar,  coffee,  and  many  Lauracese  also  germi- 
nate only  when  they  have  been  kept  fresh  and  have  not 
dried  up  ;  while  that  of  the  mistletoe  often  germinates  even 
while  still  inside  the  fruit.  Fresh  seeds  in  general  germmate 
more  quickly  and  easily  than  old  ones.  Seeds  which  con- 
tain starch  may,  on  the  contrary,  retain  their  power  of  ger- 
mination for  many  years,  if  kept  dry.     The  temperature 
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rises  during  the  germination  of  seeds,  in  consequence  of  the 
absorption  of  water  and  formation  of  carbon  dioxide. 

In  order  for  germination  to  take  place,  it  is  essential 
that  the  temperature  should  fluctuate  only  between  certain 
limits,  which,  as  might  be  expected,  vary  greatly  in  the  case 
of  different  plants.     In  the  case  of  wheat,  for  example,  the 
lower  and  upper  limits  are  5°  and  43°  C. ;  for  barley  5°  and 
36°-37*5°  C. ;  for  maize  15°  and  46*2°  C.     The  seedling 
derives    its   earliest  nutriment   from   the 
peed,  and  especially  from  the  cotyledons, 
or,  when  there  is  endosperm,  from  it  also 
through  the  medium  of  the  cotyledons. 
The  radicle  first  emerges  from  the  seed, 
and  after  it  the  plumule.    The 
radicle  is,  in  Dicotyledonous 
plants,  a  direct  prolongation 
of  the  axis  of  the  embryo,  and, 
therefore,  a  tap-root ;    while 
in    Monocotyledons,    on  the 
other  hand,  the  radicular  end 
of  the  embryo  never  becomes 
a  primary  root ;  a  number  of 
adventitious  roots  are,  on  the 
contrary,  developed  (see  Fig. 
105,  p.  74),  and    it    is    only 
rarely  (Fig.  368)  that  the  ra- 
dicular end   of   the    embryo 
elongates  into  a  protuberance 
which  soon  perishes.     In  re- 
spect to  the  cotyledons  also,   tl^A 
there  are  two  modes  of  germi-   ^ajjcE^T^^ij! 
nation.     They    either   remain   mule  (x  6). 
beneath  the  soil  still  enclosed  in  the  testa,  (Fig.  369),  or 
they  rise  above  ground  and  throw  off"  the  testa  (Fig.  370). 
The  single  cotyledon    of  Monocotyledons  almost  always 
remains  beneath  the  surface,  as  also  do  those  of  the  oat 

o 


Fig.  368.— Gcr- 
mination  of  the 


Fig.  369.  —  Germinat- 
ing seed  of  orange, 
its  cotyledons  c  re- 
maining beneath  the 
soil, and  only  slightly 
emerging  from  the 
testa  T. 


194  Structural  and  Physiological  Botany. 


and  sweet  chestnut,  while  in  other  Dicotyledons,  as  the 
beech,  birch,  and  lime,  they  emerge  from  the  soil.     The 

plumule  of  Monocotyledons  consists  of 
superimposed  leaves  of  a  sheath-like  or 
comet-live  character  (Fig.  368)  ;  while  in 
Dicotyledons  the  cotyledons,  when  they 
separate,  are  green  and  leaf-like. 

In  all  modes  of  reproduction  the  pro- 
perties of  the  parent  plant  are  transmitted 
to  its  descendants.  When  reproduction 
is  effected  by  asexual  cells,  this  is  alto- 
gether the  case  ;  but  when  the  reproduc- 
tive cells  are  fertilised  oospheres,  only  so 
far  as  to  maintain  the  character  of  the 
species.  When  the  fertilising  (male)  and 
the  fertilised  (female)  cell  are  derived  from 
plants  which  belong  to  different  species, 
fertilisation  can  take  place  only  if  the 
two  species  are  very  nearly  related  to  one  another.  An 
individual  resulting  from  impregnation  of  this  character  is 
a  hybrid',  and  it  is  determined  by  a  number  of  circum- 
stances, some  of  which  are  still  unknown,  which  of  the  two 
parent  species  the  hybrid  most  nearly  resembles.  Hybrids 
resulting  in  this  manner  from  the  crossing  of  two  species, 
not  unfrequently  occur  in  nature ;  but  their  power  of 
propagation  is  commonly  defective,  and  they  are  often 
altogether  infertile. 

In  systematic  botany  hybrids  are  distinguished  by  names  com- 
pounded of  those  of  their  parent-species,  the  name  being  placed  first  of 
the  one  which  it  most  resembles.  Thus  between  Mentha  rotundifolia 
and  M,  sylvestrisy  two  hybrids  are  known,  M.  rotundifolio-sylvestris 
and  M.  sylvestri-rotundifolia^  the  former  of  which  most  nearly  resembles 
M.  rotundifolia^  the  later  M,  sylvestris.  * 


Fig.  370. — Germinat- 
ing seed  of  cabbage  ; 
/'  axis  :  c,  d  the  two 
cotyledons  which 
have  risen  above  the 
soil,  the  testa  a  not 
being  yet  completely 
thrown  off  (  x  4), 


*  [A  more  usual  and  preferable  practice  is  to  place  the  name  of  the 
male  parent  first,  of  the  female  parent  last.  Thus  Mentha  rotundifoHo- 
sylvesim  would  be  the  result  of  the  fertilisation  of  M.  sylvestris  by  M, 
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Fertilisation  is  easier  between  different  varieties  of  the 
same  species  than  between  different  species,  the  result  being 
in  this  case  termed  a  variety -hybrid.  The  stamens  are  often 
replaced  in  them  by  petals,  thus  forming  what  are  called 
double  sterile  flowers,  on  which  account  they  are  not  gene- 
rally so  well  calculated  for  propagation  as  species-hybrids. 

It  is  easily  understood  that  agriculture,  and  especially 
horticulture,  takes  advantage  of  these  peculiarities  in  order 
to  call  into  existence  varieties  of  plants  cultivated  for  their 
usefulness  or  their  beauty. 

The  subject  of  fertilisation  is  incomplete  without  a  description  of 
the  mode  of  reproduction  of  Cryptogams  by  means  of  oospheres.  But  as 
an  account  of  the  very  numerous  modifications  of  this  process  must 
necessarily  be  given  under  the  separate  classes,  the  whole  subject  is  de- 
ferred till  the  section  on  classification. 


PHENOMENA   OF   MOVEMENT. 

Motion  is  an  essential  condition  of  life.  The  plant, 
therefore,  like  the  animal,  exhibits  phenomena  of  motion  ; 
but  since  the  former  finds  conditions  suitable  for  existence 
on  all  sides,  these  phenomena  are  in  general  less  strongly 
manifested  than  in  the  case  of  the  latter.  It  is  not  neces- 
sary here  to  allude  to  those  movements  of  a  passive 
character  which  the  plant  performs  under  the  influence  of 
wind  or  wave,  or  when  bent  to  the  ground  beneath  the 
weight  of  its  fruit,  rising  again  subsequently  to  an  erect 
position ;  in  short,  to  those  movements  which  are  imparted 
to  it  by  the  obvious  action  of  mechanical  forces.  Those 
only  will  be  referred  to  which  are  inseparable  from  life, 
and  are  a  direct  result  of  the  vital  processes. 

It  is  impossible  to  give  a  minute  account  of  all  these  various  pheno- 
mena  of  movement ;  but  they  will  at  least  be  made  somewhat  more 


rotundifolia^  M.  sylvestri-rotundifolia  the  result  of  the  fertilisation  of  M, 
rotund i/oiia  by  M,  sylvestris, — Ed.] 
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intelligible  by  observing  those  forces  which  are  inherent  in  plants  from 
the  mode  of  their  construction  out  of  cells,  as  well  as  from  the  molecular 
structure  of  their  organised,  parts. 

Chemical  processes  in  the  interior  of  the  growing  structure  are  always 
connected  with  growth  by  intussusception,  as  this  process  has  already 
been  described.  Thus,  for  example,  the  nutrient  fluid  which  forces  its 
way  into  the  cells  from  without  by  the  action  of  osmose,  contains,  it  is 
true,  material  for  the  formation  of  molecules  of  a  definite  chemical 
composition  ;  but  this  material  is  chemically  different  from  the  molecules 
which  it  nourishes.  Thus  starch-grains  are  produced  out  of  a  fluid 
which  does  not  contain  any  starch  in  solution  ;  the  cell-wall  is  formed 
by  the  secretion  of  substances  out  of  the  protoplasm  which  are  not 
dissolved  cellulose  ;  the  colouring  matter  of  the  chlorophyll  is  first 
formed  in  the  interior  of  the  chlorophyll-bodies,  &c.  Growth  by  intus- 
susception is  therefore  connected  not  only  with  a  continual  disturbance 
of  molecular  equilibrium,  but  also  with  chemical  processes  in  the  in- 
terior of  the  growing  structure.  Chemical  combinations  of  the  most 
various  character  must  therefore  take  place  between  the  molecules  of  the 
organised  body,  and  act  and  react  upon  one  another. 

It  is  certain  that  growth  can  only  take  place  so  long  as  the  growing 
parts  of  the  cell  are  permeated  by  atmospheric  air,  and  that  the  oxygen 
of  the  atmosphere  decomposes  the  compounds  within  the  organised 
structure.'  The  formation  and  evolution  of  carbon  dioxide  is  therefore  a 
necessary  accompaniment  of  growth  ;  and  not  only  is  the  equilibrium 
of  chemical  forces  thus  being  continually  disturbed,  but  heat  is  also 
necessarily  produced,  and  electrical  action  may  perhaps  also  come 
into  play. 

By  the  chemical  processes  which  have  been  partially  described  in 
detail  when  treating  of  nutrition,  by  the  influence  of  heat,  and  perhaps 
also  by  electrical  action,  forces  of  considerable'  magnitude  are  set  free 
ill  the  interior  of  the  plant,  which  set  in  motion  its  smallest  particles 
(atoms  or  molecules),  and  thus  represent  a  definite  amomit  of  work 
Avitlnn  the  growing  organised  body,  which  is  probably  often  enormous.' 
And  herein  we  have  an  essential  characteristic  of  all  organisation  and  of 

•  See  p.  167,  on  the  process  of  respiration. 

-  The  temperature  of  dry  grains  of  starch,  when  they  absorb  water 
of  the  same  temperature,  rises  2°  or  3°  C. ;  while  boiling  water  is  only 
raised  in  temperature  about  0*078°  C.  by  a  pressure  of  ten  atmospheres. 
Since,  as  experiment  has  shown,  the  rise  in  temperature  on  absorption 
depends  on  an  increase  in  density  of  the  water,  these  statements  will 
give  some  idea  of  the  enormous  force  with  which  the  absorption  takes 
place. 
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life,  viz.  that  organised  structures  are  capable  of  a  continual  internal 
change  ;  and  that  so  long  as  they  are  in  contact  with  water  and  with 
atmospheric  air,  only  a  portion  of  their  forces  can  be  in  equilibrium  in 
their  interior ;  in  short,  that  .they  are  in  continual  internal  movement. 
The  whole  organism  forms,  therefore,  a  framework,  between  and  in  the 
molecules  of  which  forces  are  constantly  being  set  free  by  chemical 
changes,  which  forces  again  occasion  further  changes.  This  is  essen- 
tially dependent  on  the  peculiar  molecular  structure  which  allows  that  at 
every  point  in  the  interior  substances  penetrate  from  without  and  are 
absorbed  in  the  liquid  or  gaseous  state,  and  can  again  be  expelled.  This 
internal  changeableness  attains  its  highest  grade  in  the  chlorophyll-bodies 
and  the  protoplasm.  In  the  former,  chemical  changes  take  place  with 
great  energy  and  force  under  the  influence  of  light,  such  as  the  formation 
of  the  green  colouring  matter  and  of  starch  •,  while  the  absence  of  light 
at  once  sets  up  other  chemical  processes,  which  terminate  only  with  the 
complete  destruction  of  the  whole  of  the  chlorophyll-body. 

Besides  the  chemical  and  physical  forces,  others  are  also  set  free  in 
plants  by  the  mutual  action  on  one  another  of  their  cells,  which  are 
manifested  in  a  tension  of  the  tissues  or  of  the  cells  with  respect  to  one 
another. 

Every  part  of  the  plant  consists  of  external  and  internal  layers  whose 
growth  proceeds,  at  least  for  a  time,  with  a  different  rapidity  in  the 
same  direction.  A  necessary  consequence  of  this  unequal  energy  oi 
growth  is  a  corresponding  tension  of  the  different  layers  with  respect  to 
one  another ;  because  those  which  are  growing  more  quickly  are  prevented 
from  expanding  as  much  as  their  growth  requires,  and  hence  exercise  a 
pressure  on  the  layers  that  grow  more  slowly,  which  these  seek  to 
counteract  by  their  elasticity.  Such  tensions  of  the  layers  caused  by 
unequal  growth  may  still  continue  after  growth  has  ceased  ;  but  they  may 
also  be  destroyed  by  a  change  in  the  relative  rates  of  growth.  The 
existence  and  the  nature  of  the  tension  can  be  easily  shown  by  sepa- 
rating the  layers  from  one  another ;  those  which  had  grown  more 
quickly,  and  were  therefore  previously  compressed,  will  expand  ;  those 
which  had  grown  more  slowly  and  which  were  therefore  previously 
stretched  to  more  than  their  natural  length,  will  now  contract  elastically; 
the  former  become  longer,  the  latter  shorter,  than  before  their  separa- 
tion. A  partial  separation  of  the  tissues  is  often  sufficient  to  show 
this.  If,  for  example,  any  rapidly  growing  stem  is  cut  longitudinally 
into  four  pieces  cross-wise,  the  pieces  curve  concavely  outwards  and 
iconvexly  on  their  inner  side,  in  consequence  of  the  internal  layers  ex- 
tending while  the  outer  layers  contract.  These  tensions  caused  by  the 
unequal  growth  in  length  of  different  layers  of  tiss\ie  2tcX  OKve^"^  vc\.  ^^ 


1 98  Structural  and  Physiological  Botany, 

direction  of  the  axis  of  the  growing  structure,  and  are  therefore  called 
longitudinal  tenuons.  But  when,  after  growth  in  length  has  ceased,  a 
permanent  increase  in  thickness  takes  place,  as  for  instance  in  the  case 
of  the  stems  of  forest-trees,  then  this  increase  in  thickness  is  accompanied 
by  a  Iranyverse  tension  in  the  radial  and  tangential  directions.  This  is 
generally  caused  by  the  cortical  tissue  growing  more  slowly  than  the 
wood;  and  this,  as  ha3  already  been  shown,  causes  the  bark  to  become 
too  small  for  the  wood,  and  hence  to  compress  it  considerablyi^  no  in- 
considerable pressure  being  exerted,  on  the  other  hand,  by  the  wood  on 
Ihe  bark.  This  can  be  easily  shown  by  stripping  a  ring  of  bark  frpm  a 
stem,  and  slitting  it  up  one  side,  when  it  contracts,  and  will  no  longer 
enclose  the  wood,  its  edges  gaping  apart. 

Tensions  of  different  layers  do  not  occur  only  in  tissues,  but  also  in 
the  cell  walls  of  individual  cells  ;  and  it  is  then  usually  the  outermost 
layers  of  the  cell-wall  which  are  stretched  by  the  inner  ones,  while 
these  latter  are  correspondingly  compressed  by  the  elasticity  of  the  outer 
layers. 

The  turgidity  of  the  cell,  or  the  pressure  exercised  by  the  cell-sap 
on  the  enveloping  cell-wall,  must  be  carefully  distinguished  from  the 
tension  of  the  layers  of  tissue.  Turgidity  is  caused  by  the  substances 
dissolved  in  the  cell-sap  attracting  the  water  which  surrounds  the 
cell  by  the  force  of  endosmose  ;  the  water  accumulates  within  the  cell- 
cavity  by  endosmotic  attraction,  and,  exerting  a  pressure  on  the  inside  of 
the  cell -wall,  places  it  in  a  condition  of  greater  or  less  tension. 

The  final  result  of  the  growth  of  the  cell-wall  caused  by  the  various 
forces  enumerated — its  extensibility  and  elasticity,  and  the  turgidity  of 
the  cell — is  a  measure  of  the  rigidity  or  flaccidity  of  the  plant  or  part  oi 
the  plant.  The  total  tension,  for  instance,  is  diminished,  and  the  part 
becomes  more  flexible,  when  the  turgidity  decreases  from  loss  of  water, 
or  when  the  elasticity  of  the  stretched  cell- walls  diminishes,  or  when  the 
cell-walls  become  more  extensible,  or,  finally,  when  the  inequality  of  the 
growth  of  the  different  layers  of  tissue  diminishes.  When  a  change 
of  this  kind  takes  place  on  all  sides,  the  part  of  the  plant  will  be- 
come shorter  or  longer  according  as  the  tension  diminishes  or  increases ; 
but  if  it  takes  place  on  one  side  only,  a  corresponding  curvature  is 
caused. 

To  complete  the  account  of  the  forces  at  work  in  the  plant,  we  must 
add  to  those  already  mentioned,  which  are  peculiar  to  the  molecular 
structure  of  their  organised  parts  and  to  the  phenomena  of  tension, 
others  which  are  set  free  by  the  movement  of  water  and  of  gases  within 
the  plant.  Sufficient  reference  has  already  been  made  to  the  former 
under  the  head  of  nutrition.     The  latter  class  of  movements  is  easily 
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explained  by  the  continual  interchange,  through  the  medium  of  the 
stomata,  of  the  gases  formed  in  the  intercellular  spaces  with  the  external 
air,  and  by  the  fact  that  in  growing  plants  gases  are  continually  passing 
in  and  out  of  the  cells  by  the  force  of  diffusion.  A  large  number  of 
very  remarkable  movements  of  plants  and  of  parts  of  plants  are  at  least 
to  some  extent  explained  by  the  co-operation  of  these  forces ;  but  a 
large  number  of  others  still  require  further  investigation. 

The  wonderful  properties  of  protoplasm,  to  which  atten- 
tion has  already  been  directed,  culminate  in  its  spontaneous 
motility,  in  its  capacity  of  assuming  different  forms,  of 
changing  its  outline  and  its  internal  condition,  and  of  thus 
calling  into  activity  internal  forces  without  any  correspond- 
ing impulses  being  observed  to  act  upon  it  from  without. 
Good  examples  of  this  capacity  are  afforded  by  hair-like 
structures,  such  as  the  filaments  of  the  stamens  of  Trades- 
cantta^  the  stinging-hairs  of  the  nettle,  &c.  The  movement 
of  the  protoplasm  in  these  cells  is  apparently  not  subject  to 
any  definite  law,  sometimes  advancing,  sometimes  retreat- 
ing, and  sometimes  suddenly  ceasing.  The  protoplasm 
often  makes  for  itself  new  courses  in  the  cell-sap ;  but  its 
motion  appears  to  be  dependent  on  the  nucleus,  round  v/hich 
it  always  flows,  and  often  carries  it  along  with  it.  When 
the  protoplasm  within  a  cell  possesses  this  power  of  motility, 
it  is  not  extraordinary  that  cells  destitute  of  a  cell-wall  (pri- 
mordial cells)  should  have  the  power  of  moving  from  place 
to  place  ;  and,  in  fact,  the  naked  primordial  cells  of  the 
Myxomycetes,  which  are  termed  Plasmodia^  are  endowed 
with  the  faculty  of  moving  like  an  animal,  and  even,  in  the 
case  oi  yEthaiium — the  so-called  'flowers  of  tan' — of  creeping 
to  the  distance  or  height  of  several  feet,  as  if  endowed  with 
voluntary  power.  It  is,  therefore,  not  to  be  wondered  at 
that  even  till  quite  recently  these  organisms  were  considered 
to  be  animals ;  while  at  present  they  are  assigned  to  an 
abnormal  section  of  Fungi,  to  which  class  they  are  allied  by 
the  mode  of  formation  of  their  spores.  The  rapidity  of  these 
*  streaming '  movements  varies  greatly ;  the  maxvKv\vK\^.^^^ar£k 
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to  occur  in  Didymium  Serpuia,  where  a  rate  of  lo  millimetres 

in  a  minute  has  been  observed. 

The  antherozoids  and  swarmspores  (zoospores)  of  many 

Cryptogams  were  long  considered  to  belong  to  the  animal 

kingdom  ;  and  they  actually  show  so  close  a  resemblance  to 

animals  that  they  might  well  have  been  described  as  plants 

in  the  moment  of  their  transformation  into  animals.     The 

swarmspores  of  Algae  are  particles  of  protoplasm  which  break 

through  the  walls  of  the  cells  in  which  they  are  formed,  and 

swim  about  for  a  time  in  water  like  animals.     It  is  only 

since  it  has  been  ascertained  that  they  give  birth,  after  a 

shorter  or  longer  period  of  rest,  to  a  plant  of  the  same  species 

as  that  from  which  they  sprang,  that  their  vegetable  nature  has 

been  absolutely  determined.     The  internal  forces  by  which 

these  swarmspores  (Fig.  385,  p.  252),  and  the  antherozoids 

(Fig.  371)  which  are  endowed  with  motion  of  a  similar  nature, 

I. 

II. 


Fig.  371. — Antherozoids  :  I.  oiNitella  syncarpa  (Characeae.  x  500)  ;  II.  of 
CEdog»nium  gemelliparum  (Algae,  x  800). 

are  enabled  to  perform  their  movements,  are  still  unknown ; 
but  they  are  certainly  connected  with  the  vibratile  cilia,  or 
minute  threads  of  protoplasm  of  different  lengths  and  vari- 
able number,  the  vibrations  of  which  set  the  body  in 
motion.  But  it  must  be  admitted  to  be  a  most  wonderful 
contrivance  for  the  maintenance  and  propagation  of  a 
number  of  vegetable  organisms. 

Neither  swarmspores  nor  antherozoids  are  provided  with 
a  cell-wall — or,  at  all  events,  with  only  an  extremely  delicate 
one — during  their  period  of  motility.  Still  more  remarkable 
than  these  must,  therefore,  be  considered  the  movements  of 
the  Diatomaceae,  [Desmidieae],  Oscillatorieae,  Spirulineae,  and 
some  other  organisms  which  are  enclosed  in  a  complete  cell- 
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wall,  or  even  in  a  hard  siliceous  coating,  as  in  the  case 
of  the  Diatomaceae  ;  but  it  is  believed  that  the  cause  of 
their  active  creeping  motion  must  be  that  the  protoplasm 
projects  through  their  shell  at  certain  spots,  and  can  be  put 
out  and  withdrawn  like  a  foot.  The  Oscillatorieae  consist  of 
long  filaments  which  often  oscillate  rapidly ;  and  the  Spiru- 
lineae  are  filaments  of  similar  form  which  coil  about  in  a 
^great  variety  of  ways.  The  cause  of  their  movements  has 
not  been  ascertained. 

Nutation  is  the  tenn  given  to  those  curvatures  which  cause 
parts  of  plants  that  are  growing  in  length  to  assume  suc- 
cessively different  directions  without  any  apparent  external 
cause.  Examples  are  furnished  by  the  flowering  scapes  of  the 
onion,  Allium  Cepa^  which,  before  they  attain  their  ultimate 
length,  bend  slowly  first  to  one  side  and  then  to  another  ;  or 
still  better,  by  climbing  stems.  In  these,  such  as  the  hop  and 
the  scarlet-runner,  the  first  intemodes  do  not  twine ;  but  when 
the  apex  of  the  stem  hangs  down  in  consequence  of  its 
weight,  it  begins  to  revolve  in  a  circle,  and  thus  to  approach 
the  support  which  it  afterwards  embraces.  The  earlier  coils 
are  hence  looser  than  the  later  ones,  which  embrace  the  sup^ 
port  more  closely.  These  curvatures  of  nutation  appear,  in 
general,  to  take  place  at  the  spots  where  the  tension  of  the 
tissues  is  the  greatest,  and  to  be  caused  by  the  growth  in 
length  being  greatest  first  on  one  and  then  on  the  other  side. 

Parts  of  plants  which  are  growing  in  length  sometimes 
become,  by  long-continued  close  contact  with  a  solid  body, 
firmly  attached  or  adherent  to  it.  Instances  are  afforded  in 
the  adhesion  of  pollen-tubes  to  the  stigmatic  hairs  and  to 
the  internal  wall  of  the  ovary ;  and  in  the  climbing  and  turn- 
ing of  the  tendrils  of  many  plants  round  slender  supports. 

Tissues  in  a  state  of  tension  become  relaxed  by  con- 
cussion. Parts  of  a  great  number  of  plants,  when  in  a  stat^ 
of  active  growth,  undergo  a  diminution  of  the  elasticity  of 
their  tense  tissues  by  violent  shaking,  repeated  bending,  a 
blow  on  one  side,  or  sometimes  even  simply  by  sttetQ.\\\s\'^^ 
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the  tissues  thus  becoming  flaccid,  and  the  parts  becom- 
ing elongated  and  bent  These  facts  can  easily  be 
established  by  experiment,  very  clearly  by  simple  observa- 
tion of  rapidly  growing  plants  shaken  by  violent  winds, 
when,  though  apparently  injured,  they  are  not  generally  so 
in  reality.  In  other  cases  of  a  similar  kind  the  extensibility 
of  the  parenchyma  is  diminished,  and  a  flaccidity,  shorten- 
ing, and  curvature  of  the  organs  occasioned.  These  changes 
are  probably  the  cause  of  the  movements  of  irritability^  as 
it  is  termed,  of  some  leaves;  although  these  phenomena 
may  also  be  due  to  other  causes,  such  as  electrical  shocks  or 
currents.  The  most  remarkable  instance  occurs  in  the  leaves 
of  the  sensitive  plant.  Mimosa  pudica.  The  bipinnate  leaves 
of  this  plant  are  united  to  the  stem  by  an  articulation,  as 
also  are  the  four  pinnae  and  the  separate  leaflets  to  their 
petioles  (see  Fig.  517,  p.  403).  The  primary  petiole  has  the 
greatest  scope  for  movement,  since  it  can  rise  or  fall  to 
the  extent  of  a  semicircle.  The  pinnae  move  upwards  and 
laterally,  so  that  they  lie  upon  one  another  like  parts  of  a 
fan.  The  secondary  pinnules  move  upwards,. and  close  up 
like  the  wings  of  a  butterfly  at  rest.  The  sensitive  plant 
closes  its  leaves  spontaneously  in  the  evening,  and  also  in 
the  day-time  when  excited  by  any  irritation.  This  irri- 
tability is  only  manifested  when  the  temperature  of  the 
surrounding  air  is  above  15°  C. ;  it  is  still  weak  between  16*' 
and  18°,  and  appears  to  reach  its  maximum  at  30°  C.  At 
that  temperature  the  plant  is  so  sensitive  that  the  move- 
ment is  communicated  to  a  number  of  leaflets  almost  simul- 
taneously ;  while,  when  the  sensitiveness  is  less,  the  move- 
ment advances  regularly  from  the  irritated  spot.  The 
closed  leaflets  again  assume  their  normal  position  when  the 
irritation  ceases,  if  it  has  not  been  too  strong  and  conse- 
quently had  an  injurious  effect ;  and  this  takes  place  sooner 
or  later  according  to  the  vigour  of  the  plant,  commencing 
sometimes  in  as  short  a  time  as  five  minutes.  Poisons 
often  kill  the  sensitive  plant;   anaesthetics,  such  as  ether 
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or  chloroform,  usually  temporarily  paralyse  it;  and  con- 
stant repetition  of  the  irritation  is  followed  by  a  diminution 
for  a  time  of  its  sensitiveness.  It  is  probable  that  the  tissue 
of  the  lower  side  of  the  pulvinus,  or  mass  of  succulent  tissue 
found  at  the  articulation,  contracts  after  irritation  such  as 
that  produced  by  simple  contact,  its  cells  losing  a  large 
portion  of  their  cell-sap,  and  thus  becoming  less  turgid, 
and  giving,  space  for  the  expansion  of  the  tissue  of  the 
upper  side.  A  depression  is  thus  caused  of  the  leaf 
which  is  attached  to  the  articulation ;  and  this  is  not  coun- 
teracted by  the  vascular  bundles  in  the  pulvinus  in  con- 
sequence of  their  flexibility.  A  fresh  flow  of  sap  into  the 
part  of  the  tissue  which  was  previously  emptied  then 
causes  a  fresh  elevation  of  the  leaf. 

Venus's  fly-trap,  Dioncea  muscipula  (Fig.  372),  a  bog- 
plant  of  N.  Carolina,  manifests  a  similar  irritability.  When 
the  upper  side  of  the  leaf,  through  which  passes  a  strong 
mid-rib,  is  irritated,  the  two  halves  of  the  leaf  close  together, 
and  remain  closed  until  the  irritation  has  ceased.  If,  there- 
fore, a  small  insect,  such  as  a  fly,  settles  upon  the  leaf,  it 
becomes  shut  in,  and  is  retained  between  the  halves  of  the 
leaf  until  it  is  dead,  and  no  longer  exercises  any  irritation 
upon  it.  It  is  believed  by  some  botanists  that  the  object 
of  the  capture  of  the  insect  is  the  nutrition  *of  the  plant. 
[The  sensitive  part  in  this  case  appears  to  consist  of  three 
small  bristles  on  each  half  of  the  upper  surface  of  the  blade.] 

Closely  connected  with  these  movements  are  those  be- 
longing to  tendrils  and  tendril-like  organs.  In  their  early 
state,  before  they  have  coiled  up  backwards  or  have  clung 
to  a  support,  these  organs  are  sensitive  to  simple  and  slight 
contact  or  to  very  light  rubbing,  the  side  on  which  they  are 
touched  becoming,  after  some  minutes,  concavely  curved. 
The  bent  tendril  subsequently  straightens  itself,  and  is  then 
again  irritable.  Bent  tendrils  are  sensitive  only  on  the  con- 
cave side. 

The  stamen  of  many  Compositae,  such  as  CVntoitrea^ 
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contract  when  irritated  before  pollination.  In  this  case  the 
cells  are  probably  altered  in  form  by  the  contact,  becom- 
ing shorter  and  broader.    The  stamens  of  Berberis,  when 


FlO.  37a.— Vsnnt's  (ly-lrap,  Diottaa  mtacifnla  (natural  siie). 

touched  on  the  inner  side,  spring  violently  against  the  pistil, 
and  place  their  anthers  in  contact  with  the  stigma.     The 
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stamens  of  the  grass  of  Parnassus,  Parnassia  palustris, 
lengthen  in  succession,  and  place  their  anthers  on  the 
stigma. 

The  stigmas  of  some  plants,  as  Btgnontay  Gratioia, 
Martima,  [Mi'mulus],  &c.,  which  are  expanded  at  the  time 
of  pollination,  close  on  contact.  A  similar  phenomenon  is 
exhibited  by  the  stigmas  of  Torenia  asiatica^  which  close 
immediately  after  pollination,  open  again  in  a  few  days,  but 
are  then  insensitive  to  further  contact.  A  fuller  discussion 
of  the  mechanism  of  these  movements  would  take  too  much 
space  ;  but  with  regard  to  their  purpose,  it  is  obvious  that 
they  are  all  closely  connected  with  the  sustenance  and  pro- 
pagation of  the  plant. 

Those  parts  of  plants  in  which  there  is  generally  a  ten- 
sion of  the  tissues  exhibit  a  constant  increase  and  decrease 
in  the  degree  of  tension.  Under  the  ordinary  conditions  of 
life,  in  which  plants  are  subject  to  the  alternation  of  day 
and  night,  the  intensity  of  the  tension  declines  from  morn- 
ing till  noon,  and  rises  during  the  night,  attaining  its  maxi- 
mum in  -the  morning.  The  most  beautiful  illustration  of  a 
movement  of  this  nature,  and  the  most  independent  of  ex- 
ternal influence,  is  furnished  by  the  telegraph-plant,  Des- 
modium  gyrans,  a  southern  Asiatic  shrub.  The  leaves  of 
this  plant  are  trifoliolate,  the  central  and  largest  of  the  three 
leaflets  moving  only  in  sunshine,  and  assuming  besides 
diff"erent  positions  by  day  and  by  night ;  while  the  lateral 
leaflets,  which  are  about  one-sixth  the  size  of  the  middle 
one,  perform  almost  unintermpted  oscillations  whenever 
the  temperature  exceeds  22°  C,  their  apices  describing 
an  ellipse.  These  oscillations,  which  are  often  very  active, 
so  as  to  recur  several  times  in  a  minute,  do  not,  however, 
proceed  uninterruptedly,  but  spasmodically,  as  if  the  plant 
were  continually  acquiring  new  strength,  or  overcoming  an 
obstacle.  Other  species  of  the  same  genus  show  similar  but 
less  active  movements.  The  most  remarkable  feature  of 
these  periodical  movements  is  that  they  are  apparently  vcv- 
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dependent  of  external  circumstances  ;  the  motile  condition 
— but  not  the  movements  themselves — depends  on  the 
temperature,  the  degree  of  light,  and  the  amount  of  water 
contained  in  the  tissues.  They  always  result  from  a  period- 
ical alternate  lengthening  and  shortening,  first  of  one,  then 
of  the  other  side  of  the  motile  organ. 

Periodical  movements  are  manifested  in  many  other 
plants,  especially  in  a  strong  curving  upwards  and  down- 
wards of  the  part,  and  then  bring  about  what  are  com- 
monly known  as  the  diurncU  and  nocturnal^  or  waking  and 
sleeping  positions.  These  phenomena  are  exhibited  es- 
pecially in  the  trifoliolate  and  pinnate  leaves  of  many  Legu- 
minosae  and  Oxalideae,  which  at  night  depress  their  common 
petioles  or  the  laminae  of  the  leaflets,  the  latter  lying  or 
closing  upon  one  another  in  a  variety  of  ways.  ■  The  flowers 
of  some  other  plants,  as,  for  instance,  HemerocalUs^  close 
regularly  in  the  evening,  and  open  in  the  morning.  Others, 
again,  like  the  marigold,  vary  according  to  the  weather  ;  in 
clear,  dry  weather,  they  expand  their  capitula  between  six 
and  eight  in  the  morning,  and  close  them  between  four  and 
six  in  the  afternoon  ;  whilst  when  the  sky  is  perfectly  cloudy, 
or  in  rainy  weather,  they  remain  altogether  closed. 

The  regularity  with  which  these  movements  are  in  general  performed 
is  so  great  that  Linnaeus  invented  from  them  a  *  floral  clock,'  on  which, 
however,  too  much  dependence  must  not  be  placed.  He  made  a  list 
of  a  number  of  plants,  the  flowers  of  which  open  and  close  at  a  particular 
time  of  the  day.  Thus  the  flowers  of  the  goatsbeard,  Tragopogon  pratensis, 
open  from  3  to  5  a.m.  ;  of  the  chicory,  Cichorium  IntybuSy  from  4  to  5  ; 
of  the  dandelion,  from  5  to  6  ;  of  the  lettuce,  after  7  ;  of  the  pimpernel, 
Afias^allis  arvensis^  after  8 ;  of  Calendula  arvensis,  from  9  to  10 ;  oi 
Hemerocallis  flava^  from  10  to  II  ;  of  the  tiger-lily,  Tigridia  pavoniaj 
from  II  to  12;  those  of  Hieracium  fnurortun  close  after  2  p.m.  ;  oi 
Anagcllis  arvensis  after  3,  &c. 

These  periodical  movements  are  often  confounded  with 
the  curvatures  of  periodically  motile  organs,  caused  by  their 
exposure  alternately  to  a  greater  and  less  intensity  of  light 
Thus,  for  example,  sudden  removal  of  light  causes  the 
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leaflets  of  the  bean  to  be  depressed,  those  of  the  clover  to 
be  bent  sideways;  while  sudden  exposure  to  light,  or  in- 
crease in  its  intensity,  produces  the  opposite  effect.  The 
leaves  of  OxaliSy  on  the  other  hand,  assume  the  nocturnal 
position  in  direct  sunlight.  Curvatures  of  this  nature, 
caused  by  light,  are  called  paratonic. 

While  paratonic  curvatures  are  caused  only  by  the  pre- 
sence or  absence  of  light,  and  are  independent  of  the  direc- 
tion in  which  the  light  falls  upon  the  plant,  the  contrary  is 
the  case  with  heliotropic  curvatures,  which  occur  only  on  the 
side  from  which  the  strongest  illumination  comes.  If  the 
side  which  faces  the  source  of  light  curves  concavely,  the 
effort  after  light,  or  heliotropism,  is  said  to  be  positive',  if 
convexly,  it  is  negative.  The  former  phenomenon  is  ex- 
hibited by  most  intemodes  of  erect  stems  which  are  in  ac- 
tive growth,  and  especially  by  petioles,  which  by  this  means 
place  the  surface  of  the  leaf  in  such  a  position  that  it  will 
receive  the  greatest  possible  amount  of  light.  It  may  be 
seen  very  strikingly  in  plants  grown  in  a  window,  which  at 
length  become  quite  crooked,  from  their  young  parts  which 
face  the  light  becoming  rigid  in  this  position.  Com- 
paratively few  parts  of  plants  are  negatively  heliotropic  ; 
examples  occur  in  the  tendrils  of  the  grape-vine,  and  in 
older  branches  of  the  ivy,  which  by  this  means  become 
firmly  adpressed  to  their  support  Heliotropic  curvature 
does  not  contract  the  part  of  the  plant;  but  in  positive 
heliotropism  the  shaded  side  elongates  from  more  active 
growth  more  rapidly  than  the  side  which  faces  the  light ;  [in 
negative  heliotropism  the  reverse]. 

One  other  phenomenon  must  be  mentioned  in  this  con- 
nection, viz.,  that  known  as  geotropistn,  or  the  tendency  to 
grow  away  from  or  towards  the  centre  of  the  earth.  Parts 
of  plants  which  are  still  growing  in  length  tend  to  place 
themselves  in  such  a  position  that  the  direction  of  their 
growth  is  vertical,  or  coincides  with  the  direction  of  the 
force  of  gravitation.     If  the  growing  part  consists  of  tissues 
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in  which  there  is  no  tension,  as  is  the  case  with  roots,  it  will 
simply  follow  the  direction  of  gravitation,  and  its  apex  will 
direct  itself  vertically  downwards.  But  when  the  growing  part 
consists  of  layers  of  tissue  in  a  state  of  tension,  a  change 
takes  place  in  the  tension  of  the  tissues  and  in  the  direction 
of  growth,  which  causes  the  under  side  of  the  curved  part 
to  grow  more  vigorously  than  the  upper  side,  and  conse- 
quently tends  to  force  the  apex  upwards.  The  erect  growth 
of  most  stems  is  a  result  pf  this  force  of  geotropism. 


GENERAL  CONDITIONS   OF  PLANT-LIFE.* 

Very  little  is  at  present  known  with  regard  to  the  general 
bearing  of  plants  as  respects  heat',  for  example,  with  re- 
gard to  their  power  of  conducting  heat,  or  to  the  changes 
in  volume  of  masses  of  tissue  and  individual  cells  through 
the  influence  of  temperature ;  but  somewhat  more  on  the 
influence  of  different  degrees  of  temperature  on  the  various 
vital  phenomena  of  plants.  On  this  point  the  following 
important  laws  have  been  established  : — All  functions  of  the 
organs  of  a  plant  are  brought  into  play  only  when  the  tem- 
perature rises  to  a  certain  height  above  the  freezing-point  of 
the  sap.  When  the  temperature  begins  to  rise  above  this 
lower  limit,  the  functions  begin  to  be  exercised  with  an 
increasingly  greater  energy,  until  at  a  certain  height  the 
point  of  the  greatest  vital  activity  is  attained.  With  a 
further  increase  of  temperature  above  this  point,  both  the 
rapidity  and  the  energy  of  the  functions  again  decrease, 
until,  at  length,  they  completely  cease  at  a  definite  maxi- 
mum of  temperature,  which  can  apparently  never  be  per- 
manently higher  than  50°  C. 

Beneath  a  covering  of  snow,  or  at  a  temperature  below  zero  C, 
scarcely  anything  grows.  The  few  perennial  plantswhichblossorti  with  us  in 


'  Thi'^  section  is  taken  in  the  main  from  Sachs's  Texihook  of  Botany^ 
Book  III.,  chap.  lii. 
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the  winter,  as  the  Christmas  rose  and  hepatica,  freeze  when  the  tempera- 
ture falls  below  zero  at  any  stage  of  their  growth,  which  begins  again 
as  soon  as  they  thaw.  The  extraordinarily  rapid  growth  of  Alpine 
and  Arctic  plants  in  spring  depends  on  a  long  anterior  development  of 
their  floral  organs  in  the  preceding  autumn.  The  green  sods  and  the 
great  number  of  leafy  plants  which  appear  as  soon  as  snow  melts,  only 
show  that  the  number  of  evergreen  plants  is  larger  than  is  generally 
supposed.  Growth  is  entirely  dependent  on  the  atmosphere  ;  hence 
the  blooming  of  willows  and  rhododendrons  whose  roots  and  stems  are 
still  frozen,  as  well  as  the  development  of  the  so-called  *  red  snow,*  the 
Alga  Protococcus  {Palmdla)  nivalis,  on  the  surface  of  the  snow.  Neither 
the  lowest  nor  the  highest  temperature  at  which  plants  can  exist  has  yet 
been  determined.  It  would  appear,  however,  that  water  must  not  be 
above  40°  C.  for  plants  to  be  able  to  live  in  it.  Plants  living  in  the 
air,  on  the  other  hand,  will  endure  for  some  time  a  temperature  of  from 
48*^  to  49°  C.  ;  at  51°  they  are  killed  in  from  lo  to  30  minutes.' 

The  growth  of  the  embryo  at  the  expense  of  the  reserve-materials 
stored  up  in  it,  begins,  with  wheat  and  barley,  at  about  5®  C.  ;  with 
the  scarlet-runner  and  maize  at  9° '4;  with  the  pumpkin,  Cucurbiia  PepOy 
not  below  13® '7  C.  But  when  the  reserve-materials  have  been  con- 
sumed, a  higher  temperature  is  apparently  always  necessary  to  enable 
growth  to  proceed  by  means  of  freshly  assimilated  material.  The 
highest  temperature  at  which  germination  can  take  place  is  about 
42°  C.  for  the  scarlet-runner,  maize,  and  pumpkin  ;  37®  to  38®  C.  for 
wheat,  barley,  and  peas. 

The  lowest  temperature  at  which  the  chlorophyll-bodies  turn  green 
is  above  6°  C.  in  the  scarlet-runner  and  maize;  between  7®  and  11° 
C.  for  Piniis  pinea ;  and  the  highest  at  which  leaves  already  formed 
and  still  yellow  turn  green  is  above  33°  C.  The  cold  of  winter  often 
occasions  a  winter-colouring  in  evergreen  plants.  This  is  caused  :  (i) 
by  a  brown  colouring,  in  consequence  of  a  peculiar  transformation  of  the 
blue-green  constituent  of  chlorophyll,   as  in  Coniferfe  and  the  box  ; 

(2)  by  a  red  colouring,  in  consequence  of  the  formation  of  a  red  pig- 
ment ^luble  in  water  and  imbedded  in  balls  of  tannin,  as  in  Mahonia\ 

(3)  by  a  change  in  colour  of  the  chlorophyll  itself  by  the  shifting  and 
collecting  into  masses  of  the  grains  of  chlorophyll ;  this  occurs  in  all 
plants.     A  higher  temperature  restores  the  normal  condition. 

The  exhalation  of  oxygen  and  consequent  assimilation  begin,   in 

'  f  A  few  Algae  of  low  organisation  appear  to  be  able  to  withstand  a 
temperature  of  nearly  or  quite  boiling  water  ;  as  do  also  some  Fungi, 
as  Bacteria,  and  fungus-spores. — Ed.] 
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the  case  of  Poiamogeion,  between  io°  and  15°  C;  in  Vallisneria  above 
6°C. 

The  sensitiveness  and  periodical  movements  of  the  leaves  of  the 
sensitive  plant  do  not  begin  till  the  temperature  of  the  surrounding  air 
exceeds  15*^0.  ;  the  rapid  perio<lical  movements  of  the  lateral  leaflets 
of  the  leaf  of  Destnodium  gyrans  only  at  a  temperature  above  22°  C. 
The  action  of  higher  temperatures  on  the  sensitiveness  of  the  leaves 
of  Miniosa  depends  on  the  continuance  of  the  warmth  ;  in  air  of  40° 
C.  they  become  rigid  within  an  hour  ;  at  45°  C.  within  half  an  hour  ; 
at  50®  C.  in  a  few  minutes,  but  may  again  become  sensitive  when  the 
temperature  falls.  A  temperature  of  52^  C.  causes  permanent  loss  of 
motility  and  death. 

The  lower  limit  of  temperature  for  the  motility  of  the  protoplasm 
in  Nitella  syncarpa  is  zero  ;  for  the  hairs  of  the  pumpkin  10°  to  1 1°  C. 
The  upper  limit  is  37°  C.  in  the  former  case  ;  in  the  latter  the  current  is 
arrested  within  two  minutes  when  immersed  in  water  of  46°  or  470  C. ; 
in  water  above  that  temperature  within  a  minute  ;  in  the  air,  exposure 
to  a  temperature  of  49®  or  50°  C.  for  ten  minutes  does  not  stop  the 
current. 

The  absorption  of  water  through  the  roots  is  also  subject  to  certain 
limits  of  temperature.  The  roots  of  the  tobacco  and  pumpkin,  for 
example,  do  not  absorb  sufficient  water  in  a  moist  soil  of  from  3°  to  5° 
C.  to  replace  the  small  loss  caused  by  evaporation,  the  leaves  hanging 
in  a  flaccid  condition  in  consequence  of  the  cessation  of  their  turgidity. 

The  rapidity  and  intensity  of  the  vital  functions  are  not  in  proportion 
to  the  increase  of  temperature.  The  rate  of  growth  of  the  roots  of  a  seed- 
ling of  maize  attains  its  maximum  at  27°'2  C.  ;  of  the  pea,  wheat,  and 
barley  at  22° -8  C.  The  sensitiveness  of  the  leaves  of  Mimosa  reachec 
its  maximum  at  30°  C. ;  the  rapidity  of  the  movement  of  the  protoplasm 
in  NUella  syncarpa  at  37°  C. 

If  the  limits  of  temperature  mentioned  above  are  passed, 
the  vital  functions  of  the  plant  may  simply  come  to  rest, 
as  is  the  case  with  perennial  plants  during  the  winter  season; 
or  permanent  changes  are  brought  about  in  the  plant  or  in 
parts  of  it,  resulting  in  injury  or  death.  The  fatal  injury  in- 
flicted on  cells,  both  by  too  high  a  temperature  and  by 
freezing,  is  a  consequence  of  their  containing  water. 

Air-dry  peas  can  resist  a  temperature  of  over  70°  C.  for  above  an 
hour  without  losing  their  power  of  germination  ;  soaked  in  water  for 
an  hour  and  exposed  to  a  temperature  of  53°  or   54^^  C,  they  are 
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killed.     The  cause  of  death  may  be  partly  the  coagulation  of  the  al- 
buminoids, while  the  decomposition  of  the  cell- wall  is  perceptible  only 
at  higher  temperatures.     Air-dry  seeds  appear  to  be  able  to  withstand 
any  degree  of  cold  without  injury  to  their  power  of  germination.     The 
winter-buds  of  woody  plants,  the  cells  of  which  contain  a  great  quantity 
of  reserve-materials  but  only  a  small  quantity  of  water,  withstand  the 
cold  of  winter  and  frequent  rapid  thawing  ;  while  the  succulent  leaves  at 
the  time  of  their  unfolding  in  the  spring  succumb  to  a  slight  night-frost. 
Many  plants,  such  as  Lichens,  Mosses,  Fungi  of  a  leathery  texture,  the 
mistletoe,  and  some  others,  appear  never  to  freeze  ;  while,  on  the  other 
hand,  many  flowering  plants  from  a  southern  climate  are  killed  by  rapid 
changes  of  temperature  near  the  freezing  point.     "Whether  the  tissue  of 
a  plant  can  be  killed  simply  by  the  solidifying  of  the  water  of  its  cell- 
sap  into  crystals  of  ice  is  uncertain  ;  while,  on  the  other  hand,  it  is  un- 
questionable that  in  a  great  number  of  plants  death  is  caused  only  by 
the  mode  in  which  the  thawing  takes  place.     The  same  tissue  which 
retains  its  vitality  if  thawed  slowly  after  freezing,  becomes  decomposed 
if  thawed  rapidly  after  exposure  to  the  same  degree  of  cold  ;  so  that 
death  is  evidently  in  this  instance  the  result  not  of  the  freezing  but  of 
the  thawing.     Moreover,  the  lower  the  temperature  at  which  the  freez- 
ing took  place,  the  sooner  is  the  plant  killed  by  the  freezing  as  well  as 
by  the  thawing.     A  common  but  not  invariable  result  of  the  freezing  of 
the  cell-sap  is  that  internal  cells  or  layers  of  tissue  are  ruptured  ;  bufc 
these  internal  rupturings  do  not,  as  was  once  supposed,  always  cause 
death  ;  they  have  as  little  to  do  with  the  destruction  of  the  life  of  the 
cells  by  cold  as  the  splitting  of  the  branches  of  the  trees  caused  by 
frost,  which,  when  the  temperature  falls  very  low,  is  produced  by  the 
contraction  of  the  bark  and  outer  layers  of  wood,  the  crevices  again 
closing  when  the  temperature  rises.     The  phenomena  of  freezing  are, 
however,  at  present  but  imperfectly  understood. 

The  entire  life  of  the  plant  depends  on  the  action  of 
light  on  the  cells  which  contain  chlorophyll,  since  this  action 
is  essential  to  the  formation  of  new  organic  compounds  out 
of  the  absorbed  nutrient  substances.  But  when  a  certain 
quantity  of  assimilated  substance  has  been  produced  under 
the  influence  of  light,  a  long  series  of  vegetative  processes 
may  be  carried  on  at  its  expense  without  any  further  direct 
action  of  light 

The  growth  of  new  organs  and  the  metastasis  connected  with  it 
which  takes  place  in  the  parts  that  do  not  contain  cVv\oxo^\\^^,  «:cv.^ 

•      P2 


2 1 2  Structural  and  Physiological  Botany. 

which  is  maintained  by  the  process  of  respiration,  is  to  a  certain  extent 
independent  of  light,  as  is  shown  by  the  germination  in  the  dark  of 
seeds,  tubers,  and  bulbs.  But  even  leafy  plants  which  have  accumulated 
a  sufficient  quantity  of  reserve-material  in  the  light,  put  out  shoots,  and 
even  flowers  and  fruits,  when  placed  in  the  dark.  If,  for  example,  the 
growing  end  of  a  branch  of  a  green-leaved  plant,  such  as  a  pumpkin  or 
Tropaoluniy  is  made  to  grow  into  an  opaque  receptacle,  the  green  leaves 
remaining  still  exposed  to  light,  the  buds  will  continue  to  develope  in 
the  dark,  and  new  leaves  and  flowers  to  be  formed  which  attain  their 
full  size  and  colour,  the  latter  even  producing  fruits  and  fertile  seeds. 
It  is  only  rarely  that  the  seclusion  from  light  produces  any  perceptible 
effect  on  the  development  of  the  plant ;  though  sometimes  the  flowers 
which  are  produced  in  the  dark  have  an  abnormally  light  colour.  All 
this  takes  place  at  the  expense  of  the  food-material  conveyed  to  them 
through  the  stem,  which  had  been  previously  assimilated  by  the  leaves  ex- 
posed to  light  In  the  same  manner  the  underground  parts  of  parasitic 
plants,  or  those  otherwise  secluded  from  the  influence  of  light,  carry 
on  their  existence  to  a  certain  extent  independent  of  light ;  but  are 
nevertheless  indirectly  dependent  upon  it,  because  they  are  nourished 
by  substances  which  could  only  be  formed  under  the  influence  of  light. 
The  earliest  development  of  the  plant  seems  to  be  even  promoted  by 
the  absence  of  light  or  by  shade.  Thus,  for  example,  roots  are  formed 
on  the  stems  of  CacfuSy  Tropceoluniy  &c.  which  grow  in  the  dark,  where 
they  would  never  be  formed  in  the  light.  The  lower  Algae  assimilate 
in  the  daytime,  and  form  swarmspores  in  the  night,  or,  when  placed  in 
the  dark,  even  in  the  day-time.  The  movement  of  the  protoplasm  on 
wivich  the  formation  of  the  swarmspores  depends  is  not  caused  directly 
by  the  influence  of  light,  but  is  rather  interrupted  by  it.  The  direction 
of  the  movements  of  the  swarmspores  stands,  however,  in  a  definite 
relation  to  light,  their  anterior  end  being  always  turned  towards  it.  It 
has,  nevertheless,  been  observed  in  some  cases  that  they  have  a  tendency 
to  collect  where  there  is  a  medium  intensity  of  light,  avoiding  both  deep 
shade  and  bright  sunlight.  The  chlorophyll-bodies  enclosed  within 
cells  are  subject,  in  some  plants,  as  Sagitiaria  sagiiicFfolia,  to  a  change 
of  position,  being  carried  by  the  currents  of  protoplasm  to  the  regfion  of 
brightest  light.  Finally  the  normal  habit  of  plants  is  altogether  de- 
termined by  the  direct  influence  of  light.  The  internodes  of  the  stems 
of  bleached  or  etiolated  plants  grown  in  the  dark  are  often  elongated  to 
ten  or  twenty  times  their  ordinary  length  ;  while  leaves  of  Dicotyledons 
and  Ferns,  which  are  normally  broad  and  branched,  remain,  when 
grown  in  the  dark,  remarkably  small.  Under  these  circumstances  the 
lamina  of  the  leaf  of  Tropaolum  attains  scarcely  from  55  to  ^  of  its 
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normal  size ;  the  leaves  of  Ferns  do  not  even  unfold,  and  attain  only 


100  ^'*  cv^'^  1000 


of  their  normal  superficial  development  in  the  light. 


White  daylight  consists  of  a  mixture  of  rays  of  light, 
differing  in  their  colour  and  their  refrangibility ;  and  it 
might  be  expected  that  the  action  of  the  different  rays  on 
the  vita}  processes  of  the  plant  would  not  be  the  same. 
This  is  illustrated  by  the  accompanying  diagram  (Fig.  373). 
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Fig.  373.— Diagrammatic  representation  of  the  efficacy  of  rays  of  light  of  different 
refrangibility  in  causing  evolution  of  oxygen,  compared  with  their  brightness  and 
heating  power.  The  solar  spectrum  a  h  serves  as  a  base  on  which  Fraunhofer's 
linebare  indicated  ;  a  and  b  lie  in  the  red  light,  c  on  the  border  of  the  orange,  d 
in  the  yellow,  k  in  the  green,  f  in  the  blue  on  the  border  of  the  green,  c  on  the 
border  of  the  indigo  and  violet,  h  in  the  violet.  The  height  ot  the  three 
curves,  of  Heat,  Brightness,  and  Assimilation,  at  any  point,  represents  the  inten- 
sity of  the  action.  Thus  assimilation  is  still  slight  at  g  on  the  border  of  the  violet 
and  indigo,  and  attains  its  maximum  between  d  and  e  on  the  border  of  the  yellow 
and  green,  then  diminishing,  and  ceasing  at  a  on  the  border  of  the  red  light. 
It  is  seen  that  the  process  of  assimilation  nearly  coincides  with  the  subjective 
brightness  as  shown  in  the  colours  of  the  spectrum,  while  the  curve  of  heating 
power  takes  a  totally  different  course  and  attains  its  maximum  ai  a  point  where 
the  eye  is  unable  to  perceive  any  light,  and  where  no  process  of  assimilation  goes 
on  in  the  plant. 

The  most  important  chemical  process  in  the  plant,  the  decomposition 
of  carbon  dioxide  in  the  cells  which  contain  chlorophyll  and  the  elimina- 
tion of  oxygen  resulting  from  it,  proceeds  almost  as  energetically  as  in 
white  daylight,  in  a  mixture  of  orange,  yellow,  and  green  light  which 
acts  only  slightly  and  very  slowly  on  photographic  paper.  Blue,  violet, 
and  the  ultra-violet  rays,  on  the  contrary,  which  at  once  colour  photo- 
graphic paper  a  deep  brown,  have  no  or  very  little  effect  on  the  elimina- 
tion of  oxygen.*     The  same  relationship  towards  light  has  been  shown 

'  It  is  an  established  mode  of  expression  to  speak  of  the  blue,  violet, 
and  ultra-violet  rays  as  the  chemically  active,  because  they  are  efficient 
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to  exist  in  the  formation  of  starch  in  the  grains  of  chlorophyll  in  the 
case  of  some  Algae ;  and  the  starch  already  formed  in  the  chlorophyll 
even  disappears  in  a  mixed  blue  light  as  in  the  dark.  The  green  colour 
of  Monocotyledons  and  Dicotyledons  may  be  produced  by  rays  belong- 
ing to  all  parts  of  the  spectrum  ;  but  the  action  of  the  yellow  rays  is  by 
far  the  most  powerful  ;  the  red  and  the  green  have  less  power,  while 
the  blue,  violet,  and  ultra-violet  act  very  slowly.  The  action  of  light 
on  the  change  in  the  tension  of  the  tissues  by  which  positive  heliotropic 
curvatures  are  brought  about,  belongs  to  the  more  refrangible  (blue  and 
violet)  rays ;  the  red  and  orange  appear  to  be  altogether  inefficient. 
The  same  is  the  case  with  paratonic  irritation  and  the  periodical  move- 
ments of  the  leaves  of  various  plants,  as  the  scarlet-runner  and  Oxalis. 
On  the  movement  of  swarmspores  the  less  refrangible  (red  and  orange) 
rays  act  like  darkness,  while  the  direction  of  the  movement  is  deter- 
mined by  the  blue  and  by  the  still  more  refrangible  violet  and  ultra- 
violet rays. 

Light  from  other  sources  than  the  sun,  as  that  of  lamps  of  various 
kinds  or  of  a  body  glowing  in  an  electric  current  (lime-light),  appears, 
from  observation,  to  have  the  same  effect  as  sunlight,  provided  that  the 
intensity  and  refrangibility  of  the  rays  are  the  same. 

The  chemical  processes  within  the  cells  of  a  plant,  the  molecular 
movements  connected  with  growth,  and  the  internal  changes  on-  which 
the  activity  of  the  protoplasm  depends— whether  exhibited  in  the 
formation  of  new  cells  or  in  motility— are  probably  connected  with 
disturbances  of  the  electrical  equilibrium.  The  fluids  of  different 
chemical  properties  in  adjoining  cells,  the  diffusion  of  salts  from  cell  to 
cell,  their  decomposition,  the  evolution  of  oxygen  from  cells  con- 
taining chlorophyll,  the  formation  of  carbon  dioxide  in  growing  organs, 
and  the  process  of  transpiration:— all  these  vital  processes  must  produce 
electrical  currents  ;  although  this  fact  has  not  yet  been  experimentally 
determined  or  accurately  investigated.  It  has,  however,  been  established 
th-Jt  the  internal  tissue  of  land-plants  is  always  electro-negative  to  the 
strongly  cuticularised  surface,  and  that  a  similar  relationship  subsists 
between  the  surface  of  roots  saturated  with  sap  and  *he  surface  of  the 
stem  and  leaves.  Electrical  currents  which  are  not  too  strong  only 
temporarily  arrest  the  motility  of  protoplasm  and  the  movements  of  the 
sensitive  parts  of  plants,  while  stronger  currents  destroy  the  life  of  the 
protoplasm,  and  hence  of  the  plant. 


in  the  combination  of  chlorine  and  hydrogen  into  hydrochloric  acid,  the 
colouring  of  photographic  paper,  &c.  But  with  reference  to  the  vital 
processes  of  the  plant  this  term  is  inaccurate,  and  ought  to  be  abandoned. 
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Since  gramtatmi  acts  uninterruptedly  on  every  part  of  the  plant, 
all  the  parts  must  be  so  contrived  as  to  diminish  the  influence  of  this 
force  ;  and  we  find,  in  fact,  in  the  organisation  of  the  plant,  a  number 
of  contrivances  for  this  purpose.  The  firmness  and  elasticity  of  the 
wood  of  erect  stems  ;  the  uniform  distribution  on  all  sides  of  the  weight 
of  the  foliage  and  of  the  branches ;  climbing  and  twinmg  intemodes 
which  are  sensitive  to  contact,  and  the  various  other  contrivances  that 
enable  slender  stems  to  climb  which  could  not  otherwise  maintain 
themselves  in  an  erect  position  under  the  weight  of  their  leaves  ;  the 
floating  apparatus  of  floating  plants,  such  as  the  air-bladders  in  the 
fronds  of  Fiicus  and  in  the  leaf-stalk  of  Trapa^  and  those  of  Utricularia 
(Fig.  356,  p.  185),  the  floating  apparatus,  such  as  the  pappus  or  wings, 
of  many  seeds  and  fiiiits ;  and  a  number  of  other  specialities  of  organisa- 
tion,  all  serve  to  counteract  the  weight  of  the  plant,  and  to  prevent  its 
sinking  to  the  ground  where  this  would  be  unfavourable  to  the  other 
functions  of  the  plant.  Under  the  head  of  the  tension  of  tissues  it  has 
already  been  mentioned  that  young  and  weak  plants  in  which  there  is 
no  tension  tend  to  grow  downwards  in  accordance  with  the  force  of 
gravitation  ;  while  those  in  which  there  is  tension  have  a  tendency  to 
grow  erect ;  and  this  is  the  reason  why  roots  in  general  grow  down- 
wards and  stems  upwards.  But  the  influence  of  gravitation  on  plants 
is  not  yet  exhausted,  since  it  opposes  a  resistance  to  all  internal  move- 
ments, such  as  those  of  water  and  of  the  cell-sap  whenever  their  direction 
is  upwards,  which  resistance  the  plant  must  overcome  by  its  internal 
forces.  Light  and  gravitation  are  the  forces  which  give  to  the  separate 
parts  of  plants,  such  as  the  stem  and  leaves,  their  normal  position, 
whether  erect  or  horizontal,  and  therefore,  along  with  the  arrange- 
ments of  the  buds  and  leaves,  impart  to  plants  what  is  termed  their 
Habit. 

From  the  infinite  variety  of  the  conditions  of  life,  it  is 
evident  that  plants  must  possess  a  certain  power  of  adapta- 
tion to  their  external  conditions. 

This  is  seen  especially  clearly  in  amphibious  plants,  which  live 
sometimes  in  water,  sometimes  on  dry  ground  ;  and  in  climbing  plants. 
Thus  for  example,  the  terrestrial  form  of  Polygonum  amphibium,,  with 
its  erect  stem  and  shortly-stalked  narrow  hispid  leaves,  is  easily  trans- 
formed, by  simply  transplanting  into  water,  into  the  floating  form  with 
floating  long-stalked  glabrous  leaves.  The  branches  of  the  terrestrial 
form  then  soon  cease  to  grow,  their  leaves  dry  up,  and  the  new  plant 
of  the  floating  form  is  developed  from  the  rhizome. 


2 1 6  Structural  and  Physiological  Botany. 


ABNORMAL  VITAL  PHENOMENA  AND  CONSEQUENT  • 
ABNORMAL  DEVELOPMENTS. 

That  section  of  botany  which  treats  of  the  abnormal 
vital  phenomena  and  the  consequent  abnormal  developments 
of  plants,  is  called  Vegetable  PatJwlogy ;  and  may  be  divided 
into  two  subdivisions,  Teratology  or  the  study  of  malforma- 
tions, and  Nosology  or  the  diseases  of  plants.  The  former  is 
concerned  with  deviations  from  ordinary  structure  in  the 
organs  of  the  plant,  the  latter  with  variations  in  the  vital 
functions.  This  whole  subject,  therefore,  independently  of 
its  practical  importance,  is  also  of  great  scientific  interest, 
the  former  part  especially  in  relation  to  morphology,  the 
latter  to  physiology.  It  is,  however,  impossible  to  draw 
any  sharp  line  of  demarcation  between  malformation  and 
disease,  and  often  one  cannot  be  conceived  without  the 
other. 

The  causes  of  the  phenomena  now  under  consideration 
lie  in  a  want  of  conformity  of  the  plant,  partly  to  the  con- 
ditions of  its  environment,  partly  to  those  of  other  plants, 
and  partly  also  in  injuries  inflicted  by  animals.  In  a  cer- 
tain sense  also,  treatment  by  man  may  be  a  source  of  ab- 
normal vital  phenomena ;  inasmuch  as  he  prescribes  the 
conditions  in  which  the  plant  shall  grow.  Most  cultivated 
plants  live  in  conditions  which  were  foreign  to  their  uncul- 
tivated ancestors,  and  they  have  frequently  undergone  such 
change  that  their  parentage  cannot  be  recognised.  It  is, 
indeed,  often  the  object  of  cultivation  to  cause  such  devia- 
tions. Thus,  the  brussels-sprout  is  cultivated  on  account 
of  the  monstrous  edible  thickening  of  the  stem,  and  the 
cauliflower  on  account  of  its  peculiarly  metamorphosed  in- 
florescence. A  ver)'  high  cultivation  produces,  however,  other 
modifications  besides  those  aimed  at,  and  less  desirable  in 
themselves.  Thus,  there  is  no  doubt  that  the  cultivation  of 
fruit-trees  has  resulted  in  an  enfeeblement  of  their  vege- 
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tative  organs,  and  a  shortening  of  the  duration  of  their  lives. 
The  same  is  the  case  with  those  plants  which  man  has 
transplanted  from  warmer  to  colder  climates  or  the  reverse, 
or  has  attempted  to  acclimatise.  In  order  to  understand 
this,  it  is  only  necessary  to  observe  the  weakly  specimens  of 
tropical  plants  in  our  conservatories,  and  to  compare  with 
them  drawings  made  in  the  primeval  forests  of  their  native 
country.  In  short,  it  may  be  assumed  that  all  cultivated 
plants  ard,  to  a  certain  extent,  disposed  to  deviate  from 
their  ordinary  structure ;  and  it  cannot,  therefore,  be  won- 
dered at,  that  they  are  especially  liable  to  malformations  and 
diseases. 

Attention  must  first  be  directed  to  those  deviations 
which  are  caused  by  atmospheric  influences,  or  by  the 
nature  of  the  soil.  Light,  warmth,  and  moisture,  as  well  as 
t3ie  nature  and  chemical  composition  of  the  soil,  are  here 
the  active  factors  ;  but  as  to  how  these  act  very  little  is  at 
present  known,  except  what  has  already  been  said  in  the 
section  on  the  general  conditions  of  plant  life  (see  p.  208). 
The  changes  brought  about  by  these  influences  aflect  the 
size  and  number,  the  arrangement  and  shape  of  the  indivi- 
dual organs,  in  short,  the  external  form  of  the  plant ;  but 
they  also  cause  an  abnormal  activity  of  cells,  from  which 
results  a  more  or  less  complete  disturbance  of  metastasis 
and  of  the  processes  of  life. 

The  change  in  size  may  be  partly  due  to  abortion^  partly 
to  an  abnormal  increase  in  size  of  the  organs.  The  abortion 
•  of  the  primary  axis  shows  itself,  as  a  rule,  only  in  the  form 
of  dwarfing,  that  of  larger  or  smaller  branches  occurs  in  its 
purest  form  in  the  production  of  spines.  Several  families 
of  plants,  such  as  the  Rosaceae,  are  especially  distinguished 
by  the  frequency  of  branch- spines  whenever  the  species 
grow  on  sterile  ground.  Like  the  branches,  the  leaves  can 
also  degenerate  into  spines.  Thus,  many  species  of  Ber- 
berideae  and  Grossulariepe  develope  spines  in  the  place  of 
particular  leaves;   and  these  often,  as  in  the  goosehetrj^ 
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remind  one  in  their  form  of  the  three  or  five-lobed  leafl 
The  abortion  of  leaves  does  not,  however,  always  lead  to 
the  production  of  spines.  In  many  species  of  acacia  the 
lamina  is  so  little  developed,  that  often  nothing  remains 
but  the  petiole,  which  is  then  called  a  phyllodc ;  and  in 
some  species  this  transformation  of  the  leaf  is  so  common 
that  it  can  scarcely  be  considered  as  abnormal  All  these 
|)ecu]iarities,  so  far  as  they  are  not  hereditary,  i.e.  trans- 
mitted through  the  seed,  are  due  to  the  poverty  of  the  soil 
As  poverty  of  soil  leads  to  abortion,  so  an  unusual  increase 
in  development  of  the  axial  or  foliar  organs  is  usually  the 
result  of  too  powerful  nutrition ;  either  the  transmission  of 
nutrient  substances  from  the  soil  is  in  itself  too  abundant, 
or  a  want  of  due  proportion  between  the  parts  above 
and  below  the  surface  is  caused  by  too  vigorous  cutting 
away  of  branches  or  leaves.  The  latter  course  is  generally 
pursued  by  gardeners,  who  aim  at  obtaining  imusually 
large  fruits  or  flowers  by  cutting  away  blossoms,  yoimg 
fruits,  leafy  shoots,  &c.  Finally,  it  has  already  been  stated 
that  an  unusual  development  of  the  stem  may  result  from  a 
deficiency  of  light ;  and  this  is  always  the  case  in  the 
etiolated  parts  of  many  plants. 

Abnormalities  in  the  number  of  organs  are  not  un- 
common. In  the  clover,  for  example,  an  increase  in  the 
number  of  leaflets  of  the  normally  trifoliolate  leaf  is  frequent 
In  the  dedoublement  or  *  doubling '  of  flowers  again,  to  which 
more  particular  reference  will  be  made  hereafter,  in  addition 
to  the  transformation  of  one  of  the  floral  organs  into 
another,  as  stamens  into  petals,  there  is  generally  also  a 
multiplication  of  the  floral  whorls  ;  for  example,  in  place 
of  a  single  whorl  of  stamens,  two  whorls  of  petals,  &c.,  as 
happens  in  the  pink,  which  has  normally  only  five  petals 
and  ten  stamens,  but  when  double,  often  twenty  or  more 
petals.  The  change  in  the  relative  number  of  parts  is  not 
however,  always  in  the  way  of  increase,  but  as  often,  per- 
haps, of  a  diminution  of  the  number  of  the  organs  concerned. 
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Every  part  of  the  plant  has,  when  young,  the  power  of 
adhering  to  others  in  its  growth,  and  does  actually  do  so 
whenever  its  formative  tissue  or  cambium  comes  into  con- 
tact with  that  of  other  parts.  This  fact,  so  important  for 
the  processes  of  grafting,  budding,  &c.,  is  also  of  some 
importance  in  this  connection,  because  very  peculiar 
malformations  often  result  from  such  adhesions  in  growth 
between  neighbouring  plants  or  parts  of  plants.  It  is  very 
common,  for  instance,  to  find  the  pinnae  of  Gleditschia  tria 
canthos  united  with  one  another  in  such  a  manner  that  the 
bipinnate  leaf  becomes  a  simply  pinnate  or  even  a  simple 
leaf.  Separations  of  organs  which  are  normally  united  in 
their  growth  also  sometimes  occur.  If,  for  example,  a  mal- 
low is  made  by  prolonged  cultivation  to  become  doable, 
this  change  begins  by  the  filaments  which  were  previously 
united  into  a  single  bundle  separating  from  one  another, 
each  stamen  then  becoming  transformed  into  one  or  more 
petals. 

Of  much  greater  importance  than  changes  in  the 
number,  size,  and  position  of  the  parts  of  plants,  are  those 
which  relate  to  their  form.  The  most  common  and  in- 
teresting change  of  this  kind  in  the  stem  is  the  phenomenon 
known  as  fasciatiofu  This  consists  either  in  the  stem  be- 
coming flattened,  and  hence  assuming  a  ribbon -like  form, 
or  in  its  beginning  to  divide  irregularly  into  a  number  of 
branches,  which  at  once  coalesce  laterally  with  the  main 
branch,  [or  from  the  cohesion  of  a  number  of  buds].  Fasci- 
ation  occurs  especially  in  ground  that  has  been  excessively 
manured,  and  hence  very  commonly  in  cultivated  plants. 
In  them  it  is  often  inherited  through  the  seeds,  as,  for  ex- 
ample, in  the  garden-plant  known  as  *  coxcomb,'  Celosia 
cristatay  and  in  the  cauliflower,  in  which  the  thickened 
fleshy  branches  of  the  inflorescence  have  coalesced  to  form 
a  head  or  mass  covered  in  the  upper  part  with  abortive 
flowers.  As  in  the  last  case,  abortion  is  almost  always  asso- 
ciated with  fasciation.     For  while  the  fasciated  ^^x\.  ^1  '^'^ 
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stem  becomes  itself  inordinately  developed,  the  buds  which 
are  normally  produced  on  it  in  large  numbers  either  remain 
altogether  dormant,  or  give  rise  to  weak  immature  organs 
or  a  few  fasciated  or,  less  often,  separate  branches.  The 
terminal  bud  almost  invariably  ultimately  disappears.  'Fascia- 
tion  is  frequently  associated  with  curvatures,  causing  the 
production  of  peculiar  forms  resembling  sickles  or  crosiers, 
as  is  not  uncommon  in  the  willow  and  ash. 

Far  more  numerous  are  the  changes  in  form  which 
affect  the  leaves.  These  may  be  classified  into  Metamor- 
phosis of  Leaves,  Peloric  Formations,  and  true  Changes  of 
Form. 

Goethe  was  the  first  to  propound  the  theory,  though 
somewhat  poetically,  that  all  the  organs  of  the  higher  plants 
can  be  referred  back  to  a  single,  or  at  least,  to  a  very  small 
number  of  fundamental  forms  ;  that,  in  fact,  every  organ  is 
either  axial  (stem),  or  foliar  (leaf),  or  is  compounded  of 
these  two.  I'hat  this  is  actually  the  case  is  shown,  not  only 
by  the  history  of  development,  but  also  by  a  close  investiga- 
tion of  those  abnormal  processes  which  are  called  metamor- 
phosis. According  to  Goethe  a  foliar  organ  must  be  con- 
sidered the  more  highly  developed  the  higher  it  stands  on 
the  axis  of  the  plant,  the  nearer  therefore  it  is  to  the  centre 
of  the  flower ;  and  an  ascending  series  can  be  constructed 
as  follows  :— -Leaf-spine  [Scale-leaf],  Foliage-leaf,  Bract, 
Sepal,  Petal,  Stamen,  Carpel.  The  metamorphosis  may  be 
either  progressive  or  retrogressive,  according  as  the  trans- 
formation of  the  foliar  organs  takes  place  in  the  direction  of 
a  higher  or  lower  member  of  the  series.  Instances  of  re- 
trogressive metamorphosis  are  furnished  by  the  production  of 
leaf-spines  and  leaf-tendrils  already  mentioned,  which  may 
be  considered  as  consisting  essentially  in  an  abortion  of  the 
lamina  and  a  reduction  of  the  leaf  to  the  lignified  petiole 
or  mid-rib.  Equally  common  is  the  retrogression  of  bracts 
to  the  form  of  foliage-leaves ;  as  in  the  spathe  of  Aroidese, 
which  often  has  a  leaf-like  form.     The  retrogression  of 
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sepals  into  bracts  or  foliage-leaves  is  still  more  frequent,  a 
common  and  beautiful  example  of  which  occurs  in  the  calyx 
of  the  rose.  One  of  the  best  known  instances  of  metamor- 
phosis of  the  reproductive  organs  into  perianth-leaves  is  fur- 
nished in  the  case  of  the  common  garden  tulip,  in  which  the 
three  carpels  and  the  six  stamens  are  all  transformed  into 
ordinary  petals  ;  [and  the  same  is  the  case  with  the  greater 
number  of  double  flowers,  as  the  rose,  camellia,  pink,  &c.]. 
That  these  leaves  are  actually  lower  stages  of  development 
of  the  organs,  is  shown  very  clearly  in  an  imperfectly  double 
tulip,  in  which  some  of  the  leaves  are  divided  through  their 
mid-rib  into  two  altogether  unlike  halves,  a  half-stamen  and 
a  half-petal.  These  imperfect  transformations  are  also  fre- 
quently seen  in  the  peony  and  the  water-lilies  (Nymphae- 
aceae) — [in  the  case  of  the  white  water-lily,  Nymphcea  alba, 
even  in  the  wild  state  J — these  instances  affording  convincing 
proof  that  the  *  doubling  *  of  flowers  is  due  to  retrogressive 
metamorphosis.  It  has  already  been  mentioned  that  this 
metamorphosis  is  very  commonly  accompanied  by  an  in- 
crease in  the  number  of  parts  of  the  flower  ;  and  it  is  not 
surprising  that  such  retrogressions  should  also  be  associated 
with  abortion.  Perfectly  double  flowers  are  of  /course 
sterile ;  but  even  when  the  metamorphosis  affects  the  sta- 
mens only,  the  pistil  is  in  that  case  also  always  less  perfectly- 
developed,  and  less  or  even  not  at  all  capable  of  being 
fertilised  by  pollen  from  other  flowers.  In  many  cases 
the  doubling  is  only  apparent,  as  in  the  cultivated  Com- 
positae,  such  as  the  aster  and  dahlia,  in  which  the  altered 
appearance  is  produced  by  the  transformation  of  the  yellow 
tubular  flowers  of  the  disc  into  ligulate  flowers  of  a  diff"erent 
colour  ;  but  sometimes  only  by  the  increase  in  size  and 
change  in  colour  of  the  tubular  flowers.  In  this  case  also 
the  transformation  is  usually  associated  with  sterility. 
When  the  retrogressive  metamorphosis  goes  back  still 
further  than  in  the  doubling  of  flowers,  the  brightly  coloured 
petals  lose  their  colour,  and  the  flower  becomes  ^reew. 
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Such  instances  of  chloranthy  are  common  in  the  Legumi- 
nosae,  and  especially  in  clover. 

Instances  of  progressive  metamorphosis  are  much  less 
common,  though  a  number  are  to  be  met  with.  The  most 
common  example  is  the  n^etamorphosis  of  petals  into  sta- 
mens. It  is  not  uncommon  to  find  the  shepherd's  purse, 
Capsella  bursa-pastoris^  with  ten  stamens  and  no  petals,  the 
normal  number  being  four  petals  and  six  stamens.  A  me- 
tamorphosis of  stamens  into  carpels  is  also  not  unusual  in 
willows,  making  them  apparently  monoecious,  whereas  they 
are  normally  dicecious. 

Changes  of  form  arising  from  the  metamorphosis  of 
whole  parts  of  plants  may  be  divided  into  four  groups  : — the 
solution  of  flowers  or  Antholysis,  Prolification,  Gemmation, 
and  the  Metamorphosis  of  Buds.  By  antholysis  is  meant 
those  separations  of  the  parts  of  the  flower  by  which  their 
relative  number  and  position  are  so  altered  that  the  nor- 
mal construction  is  completely  concealed.  Prolification  is 
the  elongation  of  the  apex  of  the  floral  axis  above  the 
flower,  where  it  bears  fresh  buds,  leaves,  and  flowers,  as 
occurs  normally  in  the  syncarp  of  the  pine-apple,  and  not 
unfrequently  in  roses  [and  pears].  Gemmation  is  the  pro- 
duction of  buds  in  the  axils  of  the  floral  leaves,  which  then 
develope  into  new  flowers  or  inflorescences,  as  is  not  un- 
frequently the  case  in  the  capitula  of  Scahiosa  and  Dip- 
sacus.  Finally,  it  is  not  uncommon  for  leaf-  or  flower-buds 
to  be  transformed  into  fleshy  bodies  with  small  scale-like 
leaves  and  a  very  short  fleshy  axis.  These  buds,  which 
often  serve  as  a  reservoir  for  the  reception  of  assimilated 
reserve-materials,  very  commonly  grow,  when  detached  from 
their  parent-plants,  into  independent  plants.  Species  in 
which  this  phenomenon  commonly  occurs  [as  Polygonum 
viviparum,  Poa  vivipara,  &c.],  are  called  viviparous.  In 
the  above  and  some  other  species  it  occurs  normally,  and  is 
not  uncommon  in  many  natural  orders,  as  Liliaceae,  Grami- 
nese,  Cyperacese,  and  Juncacese.     The  buds  in  the  axils  of 
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the  leaves  of  Lilitim  bulbiferum  and  in  the  inflorescence  of 
many  species  oi  Allium  come  under  this  head. 

Closely  connected  with  metamorphosis  is  peloria^  or  the 
abnormal  regularity  of  flowers  usually  irregular  but  sym- 
metrical, i.e.  so  constructed  that  there  is  only  one  line  by 
which  they  can  be  divided  into  two  similar  parts.  This 
phenomenon  is  most  common  in  Gramineae,  Leguminosae, 
Labiatae,  Scrophulariaceae,  and  Violacese.  In  the  common 
toadflax,  Linaria  vulgaris^  for  example,  in  which  the  perso- 
nate bi- labiate  corolla  runs  out  into  a  spur,  the  terminal 
flower  of  the  raceme  not  unfrequently  exhibits  complete 
peloria,  i.e,  has  a  regular  margin,  and  five  spurs  at  equal 
distances  from  one  another.  In  Compositae,  peloria  fre- 
quently takes  the  form  of  a  conversion  of  the  ligulate  into 
tubular  flowers. 

The  last  class  to  be  mentioned  is  the  change  in  the  ex- 
ternal form  of  leaves,  the  result  of  an  irregular  accession  or 
suppression  of  growth  from  disease.  Deviations  from  a 
symmetry  between  the  right  and  left  side  of  the  leaf  occur 
normally  in  some  plants,  as  the  various  species  of  Begonia 
[and  lime],  and  occasionally  in  almost  all  plants.  The 
relationship  between  the  length  and  breadth  of  the  leaf  is 
also  often  disturbed.  A  difference  frequently  occurs  be- 
tween the  intensity  of  growth  of  the  vascular  bundles  and 
of  the  parenchymatous  tissue  (mesophyll)  which  occupies 
the  space  between  them.  When  the  vascular  bundles  grow 
more  vigorously  than  the  parenchyma,  the  latter  is  ruptured, 
and  the  leaves  become  perforated  or  slit,  as  is  always  the 
case  in  old  leaves  of  the  banana  [and  in  some  Aroideae,  Fig. 
194,  p.  106].  When,  on  the  other  hand,  the  growth  of  the 
parenchyma  exceeds  that  of  the  vascular  bundles,  the  leaves 
become  crumpled,  as  in  many  garden-plants  such  as  endive, 
parsley,  &c.  More  rarely,  outgrowths  are  aeveloped  on  the 
surface  of  the  leaf,  which  themselves  assume  a  leaf-like  form. 

In  all  the  cases  hitherto  mentioned  we  have  treated  only 
of  changes  in  form.     But  diseases  are  also  caused  througji 
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the  influence  of  the  soil,  depending  on  an  abnormal 
transformation  of  those  substances  out  of  which  the  tissue 
of  the  plant  is  constructed.  These  constitute  what  are 
called  secretional  diseases,  in  which  cellulose  is  transformed 
into  gum,  resin,  or  manna.  These  diseases  are,  properly 
speaking,  only  excessively  vigorous  phenomena  of  vital 
functions  which  in  many  plants  are  quite  normal.  It  is  re- 
markable that  effusions  of  sap  of  this  nature  are  often  the 
result  only  of  external  injury,  and  are  commonly  increased 
by  removing  the  substance  excreted,  as  in  the  production 
of  resin. 

The  consideration  of  secretional  diseases  leads  to  that  of 
diseases  of  decomposition.  These  diseases,  which  are  fre- 
quently confounded  or  blended  with  the  former — known 
generically  as  gangrene  or  canker — are  processes  of  decay 
in  which  the  cellulose  is  transformed  into  a  muddy  fluid,  a 
brown  humus-like  powder,  or  a  carbonaceous  mass,  such  as 
never  occurs  in  a  normal  state.  Decompositions  of  this  nature 
are  promoted,  or,  perhaps,  are  first  caused,  by  swarmS  of 
low  microscopic  organisms,  Fungi  and  Algae,  which  find  in 
the  dissolution  of  the  organic  substance  a  favourable  sub- 
stratum for  their  development.  It  is  impossible  to  enter  in 
this  place  on  a  more  minute  discussion  of  the  processes  of 
fermentation,  decay,  and  putrefaction,  and  of  the  points 
which  are  still  in  dispute  as  to  the  part  played  by  the  or- 
ganisms which  always  accompany  these  processes,  and  as 
to  their  systematic  position.  It  is,  however,  certain  that 
diseases  of  this  kind  are  characterised  by  the  presence  of 
organisms,  and  are  by  this  distinguished  from  secretional 
diseases.  In  reference  to  the  external  form  in  which  they  pre- 
sent themselves,  a  distinction  is  to  be  drawn  between  moist 
and  dry  gangrene,  according  as  the  product  of  decomposi- 
tion of  the  cellulose  is  a  fluid  or  a  solid  substance.  The 
latter  form  very  commonly  first  attacks  the  innermost  layers 
of  wood,  which  may  be,  according  to  the  colour  of  the  sub- 
stance formed,  red  or  white.    Plants  attacked  by  decay  may 
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still  live  a  long  time  under  certain  circumstances,  and  may 
'  have  a  perfectly  sound  appearance  on  the  oulside,  until 
the  disease  reaches  the  cambium-layer,  when  they  quickly 
perish.  The  decomposition  of  cellulose  does  not,  however, 
always  begin  inside  the  plant ;  it  may  also  penetrate  from 
without,  at  spots  which  have  become  diseased  from  ex- 
ternal injury. 

Diseases  of  another  class,  produced  by  vegetable/<!:>'a«V(*j-, 
that  is  by  plants  which  derive  their  nourishment  from  the 
living  tissue  of  the  plants  they  inhabit,  are  in  general  less 
obscure  than  those  which  were  last  described. 

Among  these  parasites  are  certain  Fungi  (Fig.  374), 
which  are  of  the  greatest  practical  importance.    The  ques- 


-  ...-yeis  is  stiHin  pro- 

rargs.'or  siiialLer  kMw  of  the  primary  layer,  and  Ihe  cill-tavi'™^led  with 

tion  which  has  often  and  for  a  long  time  been  discussed  re- 
specting these  plants,  whether  they  are  the  cause  or  only  the 
accompaniment  of  tiie  disease,  has  now  been  decided  in 
favour  of  the  former  alternative,  since  it  has  been  proved 
that  the  organisms  in  question  are  well-defined  species  of 
Fungus,  and  that  the  same  organism  is  always  found  to  ac- 
company the  same  disease.     In  addition  to  lh\s, '\\.\vas\ie.«n. 
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proved  by  a  numbei  of  observations  and  careful  experi- 
ments, that  these  diseases  are  contagious,  and  that  healthy 
plants  become  subject  to  a  particular  disease  when  the 
spores  of  that  f'ungus  are  sown  upon  them  which  always 
occurs  in  connection  with  that  disease ;  and  that,  finally,  the 
best  means  for  preserving  or  restoring  the  health  of  the 
plant  are  those  by  which  the  spores  of  the  Fungus  are 
destroyed.  This  does  not,  however,  prevent  other  Fungi 
occurring  as  accompaniments  of  the  particular  disease  be- 
sides the  one  to  whose  attacks  it  is  due. 

Among  the  most  important  of  the  diseases  of  this  nature 
to  which  cultivated  crops  are  liable  is  the  rust  or  mildtio 
of  cereals.  This  term  is  appropriately  given  to  a  disease  in 
which,  at  least  at  first,  reddish  masses  of  a  brown  rust-like 
dust  break  out  from  the  internal  tissue  of  the  plant.  It  is 
most  common  on  barley,  wheat,  and  oats,  less  so  on  rye 
and  wild  grasses.  Since  it  chiefly  attacks  the  vegetative 
parts,  the  leaves  and  succulent^  stems,  and  but  rarely  the 
seeds,  the  injury  caused  by  it  consists  mainly  in  a  deteriora- 
tion of  the  straw  ;  but  the  grains  are  also  of  inferior  quality, 
when  the  parts  which  contain  chlorophyll,  and  which  con- 
sequently assimilate,  are  attacked  at  an  early  stage.  The 
species  of  mildew  which  infest  cereal  crops  are  mainly  two, 
Fuccinia  graminis  and  P.  coronata.  The  very  remarkable 
course  of  development  of  the  latter  will  be  afterwards  more 
exactly  described  when  speaking  of  Fungi. 

Smut  shows  itself  first  on  the  organs  of  fructification,  the 
epidermis  of  which  is  irregularly  mptured  in  a  great  number 
of  places,  a  black  dust  then  appearing  through  the  slits.  It 
attacks  the  different  parts  of  the  flower  in  a  very  unequal 
degree.  The  whole  of  the  parenchymatous  tissue  is  often 
destroyed ;  and  this  occurs  to  so  great  an  extent  in  winter- 
barley,  that  of  the  whole  ear  the  common  rachis  of  the  in- 
florescence alone  remains,  while  frequently,  as  in  oats,  the 
seed  only  is  destroyed,  the  palese  remaining  unaffected. 
Especially  in  the  last  stage  of  the  disease,  the  masses  of 
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dust  also  emerge  from  the  culms  beneath  the  flowers,  as 
well  as  from  the  leaves.  Rye  and  wheat  are  also  subject  to 
this  disease,  wild  grasses  less  so.  It  is  caused  by  the  at- 
tacks of  a  Fungus,  Ustilago  carbo,  the  black  masses  consist- 
ing of  its  emerging  spores  which  project  between  the  paleae, 
the  mycelial  threads  obtaining  their  nutriment  from  the  in- 
terior of  the  parenchymatous  cells. 

The  smut  of  maize  and  millet  are  of  a  similar  character. 
In  the  former  swellings  the  size  of  the  fist  or  even  of  the 
head  are  formed  in  the  diseased  part,  between  the  cells  of 
which  the  filaments  of  the  Fungus  which  produces  the  dis- 
ease, Ustilago  maydis,  are  easily  found.  The  millet-smut, 
caused  by  Ustilago  destruens,  destroys  the  whole  of  the  flower 
even  within  the  leaf-sheaths. 

Bimt  is  a  disease  which  attacks  all  kinds  of  wheat,  but 
the  varieties  of  spelt  have  less  to  fear  from  it  than  other 
sorts,  and  winter-  less  than  summer-wheat.  The  Fungus 
which  produces  this  disease,  Tilletia  caries^  fills  up  with 
its  spores  the  whole  of  the  ovary,  and  replaces  it  by 
an  elongated,  black,  greasy  body  of  a  disagreeable  odour. 
The  mycelium  is  easily  found  in  the  parenchyma  of  the 
flower. 

Ergot  is  another  Fungus  of  this  kind,  which  attacks  the 
inflorescence  of  grasses,  and  especially  of  cereal  crops,  ap- 
pearing in  the  place  of  the  fruit  in  the  form  of  an  enor- 
mously large  grain  among  those  that  are  still  healthy.  In 
form  it  resembles,  therefore,  the  grain  which  it  attacks  ;  in 
rye,  for  example,  it  is  obtusely  triangular,  and  in  Phragmites 
flatly  compressed.  It  is  the  *  sclerotium '  of  a  Fungus 
which  grows  from  the  base  of  the  ovary,  and  soon  detaches 
it  from  its  point  of  attachment,  raises  it  up  and  then 
encloses  it  or  presses  it  aside.  Ergot,  although  it  seldom 
occurs  in  any  great  quantity,  is  one  of  the  most  dangerous 
vegetable  parasites  of  cereal  crops,  since  it  contains  a 
powerful  poison,  on  account  of  which  it  is  valuable  in  medi- 
cine, but  which  renders  the  meal  quite  useks^  -wVvevx  ^osixs.^ 

Q  2 
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tt-ith  it.  The  various  stages  of  development  of  the  eigol  of 
rye  received  a  number  of  different  names  before  their  con- 
nection with  one  another  had  been  ascertained.  Thus 
the  delicate  mycelium  from  which  ergot  originally  springs 
has  been  called  Sphacelia  segetum,  the  ergot  itself  Sclerolmm 
clavtn,  Seeale  cormitum  [or  '  spurred  rye  '],  and  the  fructifica- 
tion which  developes  from  it  (Fig.  375),  Cordiceps  or  Caw- 
B  (tps  purpurea  \  the  last  be- 

ing the  name  now  given  to 
the  Fungus. 

Mention  must  also  be 
nude  of  a  number  of  dis- 
eases about  which  but  httle 
is  yet  known,  ajid  which 
have  this  in  common,  that 
they  appear  as  black  velvety 
coatings  on  the  leaves,  and 
especially  on  their  upper 
side.  There  seems  to  be  fre- 
quently, but  not  invariably, 
a  connection  of  alternation 
between  the  '  honey-dew ' '  caused  by  aphides  and  these 
diseases,  the  aphides  encouraging  the  settlement  of  the 
Fungi,  Torula  and  dadosporium,  which  give  rise  to  the 
latter. 

A  similar  appearance  is  presented  by  vines  attacked  by 
the  vine-mildew,  Oidium  Tuckeri.  The  course  of  this  dis- 
ease is,  in  its  essential  points,  as  follows  :■ — A  delicate  white 
shining  growth  is  seen,  as  a  rule  after  the  blooming- time, 
and  at  first  on  the  under  side  of  the  leaves,  then  on  all  the 
young  parts  of  the  vine  {Fig.  376),  which  finally  invests 
these  parts  more  and  more  completely,  without,  however, 
penetrating  into  the  interior,  as  it  only  puts  out  short 
organs  of  attachment  here  and  there.'     These  drain  the 
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epidermis ;  the  grapes  remain  small,  and  finally  burst,  the 
fleshy  interior  being  forced  out  of  one  or  two  intersecting 
clefts. 

The  English  gardener  Tucker  was  the  first  t"  remark,  in  the  year 
1S45,  the  Fungus  which  was  named  after  bim,  but  without  recognising 
its  nature.  The  disease  appeared  al  Versailles  in  1850  ;  and  in  1S51 
under  various  conditions,  and  in  widely  scattered  districts,  in  France, 
Italy,  and  Germany.  In  Madeira,  the  vine,  which  had  been  cultivated 
since  the  fifteenth  century,  was  attacked  in  1852  ;  in  several  succfedit:g 
ye^rs  the  crop  completely  failed;  and  this  induced  the  inhabitants  to 
abandon  the  cultivation  of  the  grape  for  that  of  the  more  ptofitabli' 


Fig.  376.— The  vme-mlld! 


sugar-cane  ;  so  that  for  twenty  years  after  1851  scarcely  any  Madeira 
wine  was  produced.  From  thai  time  the  disease,  favoured  by  damp 
warm  weather,  has  spread  locally  to  the  whole  of  Europe,  no  remedy 
having  been  up  to  th'e  present  lime  discovered  for  it 

Next  to  the  vine-disease  i}n^  plum-disease  is  one  of  the 
most  destructive  parasitic  diseases  of  the  different  kinds  of 
stone-frait-  The  malformations  produced  by  it,  and  knoiv.n 
under  the  name  of  '  pods '  and  'pockets,' are  distinguished 
from  the  dark  juicy  fruit  covered  with  a  bluish  bloom  by 
their  greater  length  and  flatness,  by  the  want  of  the  hard 
stone,  and  by  their  invariably  lighter  colour.    The  prema^ 
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turely  ripe  fruits  fall  off  and  are  worthless.     The  cause  of 

the  disease  is  a  Fungus,  Exoascus  Pruni, 

The  Potato-disease  makes  its  appearance  first  on  the 

green  parts  of  the  plant,  forming 
brown  spots  on  the  leaves  and 
stems,  usually  in  July  and  August 
A  short  time  afterwards  the  tu- 
bers are  found  to  be  diseased,  and 
begin  to  decay.     The  decompo- 
sition is  either  moist   and  of  a 
disagreeable  odour,  or  ends  in 
a  drying  up  of  the  tissue;  the 
former  kind  being  generally  de- 
scribed as  the  true  potato-disease, 
although  the  two  forms  pass  into 
one  another.     It  is  only  rarely 
that  the  decay  of  the  tubers  pre- 
cedes the  sickening  of  the  plant 
itself.   The  parasite  which  causes 
this  disease  is  also   a    Fungus, 
Peronospora  infestans.     It  pene- 
trates the  tissue  of  the  leaf,  its 
conidia-bearing     filaments     pro- 
jecting    through     the     stomata. 
The  tissue  of  the  leaf  dies  under 
its    influence,    and    the     tubers 
which  are  subsequently  attacked 
also  decay  (Fig.  377). 

The  true  potato-disease  broke  out 
about  the  year  1830,  and  spread  with 
terrible  rapidity  during  the  next  ten 
years  ;  and  has  never  since  entirely  dis- 
appeared. Its  study  suggested  a  variety 
of  causes :  among  the  rest  damp  wea- 
ther, too  strong  manuring,  and  the 
cutting  up  of  the  *  seed-potatoes.' 

A  peculiar  disease,  also  caused  by  a  Fungus,  but  which 


Fig.  377. — Fungus-filaments  from 
a  rotten  potato,  together  with 
the  spherical  spores  y  called 
Oldium  z'ioiaceunif  and  the  long- 
ish  multicellular  spores  z  of 
Fnsisporiuni  Solani  \  young 
plants  are  germinating  from  both 
forms.  (This  fungus  ver>r  com- 
monly accompanies,  but  is, not 
the  cause  of,  the  disease,   x  400.) 
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has  not  yet  been  sufficiently  investigated,  is  one  of  con- 
siderable practical  importance,  the  beet-disease.  It  shows 
itself  sometimes  in  the  winter,  its  presence  being  manifested 
by  the  root  becoming  light-brown  and  transparent  from 
without  inwards. 

The  diseases  to  which  bulbs  are  subject  have  been  but 
little  studied.  In  the  ring-disease,  called  also  the  hya- 
cinth-pest^ rust-coloured  spots  spread  from  the  disc  over  the 
scales,  advancing  from  below  upwards.  The  innermost 
scales  are  first  attacked,  the  leaves  turn  yellow,  the  flower- 
stalk  decays,  and  finally  the  whole  bulb  degenerates  into  a 
muddy  mass.  The  so-called  white  smut  consists  in  the 
bulbs  rotting  from  above  downwards  under  the  influence  of 
a  white  slime. 

Besides  the  diseases  already  named,  there  are  many 
others  of  less  practical  importance  caused  by  parasites.  Of 
these  causes  of  disease,  phanerogamic  parasites  are  in  gene- 
ral less  injurious  than  cryptogamic.  Of  the  former  there 
are  only  a  very  few  natives  of  Europe,  the  mistletoe  ( Viscum 
album),  Loranthus  europceus,  Lathrcea  squamaria,  the  dod- 
ders (species  of  Cuscuta),  the  various  species  of  Orobaiiche, 
Monotropa  Hypopitys,  and  Thesium  humifusum. 

The  mistletoe  usually  grows  on  the  apple,  but  also  on 
other  trees.  It  weakens  the  trees  which  it  attacks  by  the 
penetration  of  its  sucking-roots  (Fig.  378  i.),  and  causes  the 
formation  of  knots,  sometimes  killing  the  branch  on  which 
it  grows,  or  even  the  whole  tree. 

The  various  species  of  Cuscuta  (dodder)  germinate  in 
the  ground,  and  only  subsequently  strike  their  roots  into  the 
neighbouring  *  host : '  but  they  also  develope  above  ground 
their  *  haustoria '  or  sucking-roots  at  those  spots  where  they 
come  into  contact  with  the  plants  which  they  embrace.  (7. 
europcBa  grows  readily  on  hedges  and  thickets,  and  attacks 
the  hop,  [stinging-nettle],  hemp,  and  other  herbaceous  [and 
shrubby]  plants.  (7.  epilinum  is  exceedingly  destructive  to 
flax.     C  Trifolii  (Fig.  378  1 1.)  is  especially  injurious  toi^'^'^ 
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of  clover  and  lucerne,  spreading  itself  centrifugally  froiE 
single  points,  and  entirely  destroying  the  vegetation.  C. 
epithymiim  is  indigenous,  chiefly  on  gorse  and  heather. 

Of    the    species    of  ii.   a 

Orobanche  or  broom- 
rape,  which  mostly  grow 
on  the  roois  of  wild 
plants,  the  only  ones  of 
practical  importance  are 
0.    minor  and  ramosa. 


The  former  occurs  especially  on  clover,  while  the  latter 
mostly  attacks  hemp,  but  also  tobacco  and  nightshade  (Sola- 
num);  {see  Fig.  346,  p.  166). 

The  remaining  phanerogamic  parasites  named  above 
have  but  little  scientific  interest ;  to  them  may  be  added 
the  various  species  of  Melampyrum,  Rhinanlhus,  and  Pedi- 
€Hlaris.  No  further  notice  is  required  of  the  phaneroganiic 
parasites  of  tropical  and  subtropical  primeval  forests,  &c., 
belonging  to  the  natural  orders  BalanophoraceKj  Rafiles- 
iacese,  Loranthaceas,  &c. 

Besides  these  parasites,  there  are  various  flowering  plants 
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which  are  injurious  as  weeds,  depriving  other  plants  of  light 
and  nourishment  and  therefore  of  the  most  essential  con- 
ditions of  life,  or  themselves  stunting  them  in  their  growth 
by  climbing  over  or  twining  round  them,  and  dragging  them 
to  the  ground. 

Reference  must  finally  be  made  to  epiphytes^  or  those 
plants  which  only  grow  on  other  plants  without  deriving 
nutriment  from  their  tissues.  Plants  of  this  class  which 
occur  in  our  zone,  for  example,  many  Mosses  and  Lichens 
[and  some  Ferns],  can  scarcely  be  considered  as  morbifi- 
cants. 

The  injuries  which  plants  receive  from  animals  are  ex- 
tremely numerous  and  various.  When  the  injury  is  to  the 
root,  it  results  in  an  insufficient  supply  of  nutriment  to  the 
plant ;  when,  on  the  other  hand,  it  is  the  leaves  that  suffer, 
the  absorbed  food-materials  are  not  assimilated  in  sufficient 
quantity,  and  the  plant  suffers  from  weakness  or  exhaustion. 
Injuries  to  the  bark  cause  *  bleeding,*  gangrene,  or  decay. 
There  are  also  a  number  of  animals  that  live  in  or  on  plants, 
which,  without  visibly  injuring  them  externally,  cause  an 
irritation  in  the  parts  of  the  tissue  affected  which  results  in 
morbid  phenomena.  It  is  common,  for  example,  to  see  the 
leaves  of  the  hop,  cabbage,  and  other  plants,  crumpled  up 
into  blisters  and  rendered  unhealthy  by  the  attacks  of 
some  species  of  aphis  on  the  under  side.  The  form  of 
these  abnormal  productions  is  usually  so  characteristic  that 
it  is  possible  from  them  to  determine  the  animal  by  which 
they  are  caused,  and  vice  versa.  Thus,  aphides^  which  lay 
their  eggs  in  the  plant,  cause  blister-like  swellings,  in 
which  the  larvae  live  until  the  period  of  their  metamor- 
phosis, at  the  expense  of  the  plant.  The  structures  which 
they  produce,  and  which  are  generally  not  injurious,  are 
sufficiently  well  known  in  the  lime,  hazel,  elm,  and  other 
trees  and  shrubs.  Willow-galls  and  rose-galls  are  a  somewhat 
higher  form  of  these  bodies.  The  former  are  produced 
especially  on  willows  by  the  puncture  of  the   Cecidom^xa, 
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strobtlina  m  tbe  leaf  buds,  which  causes  arrest  of  growfli, 
the   stem  scarcely  developing,  and  the  leaves  becomii^ 


crowded  together  into  a  close  rosette.  The  rose-gall  is 
caused  by  Rhodites  Rosa  laying  its  eggs  in  the  branch,  the 
Stem  then  swelling  up  to  a  ccnsiderable  size  from  the  exu- 
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berant  growth  of  the  parenchyma,  while  the  leaves  are  pro- 
duced in  ordinary  numbers,  but  with  scarcely  any  paren- 
chyma between  their  fibro-vascular  bundles,  causing  the 
misshapen  branch  to  appear  as  if  covered  with  moss.  The 
highest  form  of  development  of  these  structures  is  seen  in 
the  true  galls^  the  production  of  which  is  due  to  punctures 
made  in  the  leaves,  flowers,  fruits,  buds,  and  young  bark 
by  the  female  gall-wasp,  belonging  to  various  species  of 
Cynips^  which  then  lays  its  eggs  in  the  wound.  The  various 
kinds  of  gall  are  most  abundant  on  the  oak-tree,  on  which  the 
total  number  of  species  that  have  been  observed  is  upwards 
of  150.  The  best  known  is  the  common  oak-gall^  pro- 
duced by  the  puncture  of  Cynips  scutellaris  on  the  under  side 
of  the  leaf  (Fig.  379).*  As  morbid  phenomena  galls  are 
usually  of  but  small  significance.  Whether  they  are  regarded 
as  the  nidus  of  a  number  of  useful  insects,  or,  many  of  them, 
as  articles  of  considerable  value  in  commerce,  their  usefulness 
greatly  exceeds  the  injury  which  they  inflict  on  the  plant. 

It  would  occupy  too  much  space  to  enumerate  those 
animals  which  are  hurtful  to  the  plant  by  the  external  in- 
juries inflicted  by  feeding  on  them,  &c.  The  part  which 
insects  play  in  this  respect  is  well  known  to  every  observer 
of  nature. 

AGE   AND   DEATH   OF   PLANTS. 

If  the  life  of  a  plant  is  not  shortened  by  any  disease, 
and  if  no  animal  or  man  appropriates  it  to  its  own  purpose, 
gathers  it,  and  kills  it,  its  term  of  life  is  still  usually  limited. 
Some  die  after  they  have  once  produced  fruit  \monocarpic 
plants],  one  or  two  years  [annual  or  biennial  plants]  being 
required  for  their  development;  while  others  \polycarpic 
plants]  produce  fruit  many  times  and  live  for  many  years, 
attaining  sometimes  an  enormous  age.     The  silver-nr  sel- 

'  [Oak-spaiigies  are  smaller,  flat  bodies,  produced  also  on  the  under 
side  of  oak-leaves  by  the  attacks  of  an  insect,  Diplolepis  ienticularis. 
—Ed.] 
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dom  flowers  under  thirty  or  forty  years  ;  the  Scotch  fir  and 
larch,  on  the  other  hand,  produce  cones  in  ten  or  twelve 
years  ;  the  oak  and  beech,  again,  only  flowering  when  they 
have  attained  a  considerable  age.  The  Scotch  and  spruce-fir 
attain  their  full  height,  as  a  rule,  in  from  80  to  100  years, 
while  the  silver-fir  requires  a  longer  period.  The  annual 
rings  of  the  beech  usually  become  less  distinct  after  130 
or  150  years,  while  the  regular  increase  of  the  oak  in  girth 
does  not  diminish  till  it  is  150  or  even  200  years  old  ;  and 
in  the  sweet  chestnut  the  increase  continues  for  at  least 
double  that  period  in  the  south  of  Europe.  Probably  the 
oldest  lime-tree  in  Germany,  at  Neustadt  on  the  Kocher, 
was  celebrated  in  song  as  long  ago  as  the  year  1408 ;  and 
the  silver-firs  on  the  Wurzelberg  in  the  forest  of  Thuringia 
must  be,  from  the  number  of  the  annual  rings  in  one  of  the 
oldest  trunks,  600  years  old.  The  age  of  an  oak  at  Breslau, 
more  than  13  metres  in  girth  at  a  height  of  26  metres,  is 
estimated  at  700  years.  The  old  rose- stock  in  the  crypt  of 
the  cathedral  at  Hildesheim  was  planted,  according  to  tra- 
dition, by  Louis  the  Pious  ;  and  the  old  dragon's-blood  tree 
at  Orotava  in  Teneriff^e,  is  said  to  have  been  as  vigorous — 
and  even  to  have  been  hollow — in  1402,  when  the  island  was 
taken  by  the  Spaniards,  as  in  1868,  when  it  was  blown 
down  in  a  storm.  All  previous  conceptions  of  the  size  and 
age  of  trees  are  enormously  exceeded  by  the  facts  ascer- 
tained respecting  the  Sequoia  ( Wellingionia)  giganiea,  the 
*  mammoth-tree  '  of  California,  the  largest  measured  speci- 
men of  which  gives  a  diameter  of  10  and  a  height  of  120 
metres,  and,  judging  from  the  number  of  its  annual  rings,  an 
age  of  from  3,000  to  4,000  years.  The  bread-fruit- tree  is 
said  to  attain  an  age  of  from  5,000  to  6,000  years  ;  that  of 
the  gigantic  species  of  Eucalyptus  of  Australia,  from  130  to 
160  (?)  metres  in  height,  has  not  been  ascertained. 
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CHAPTER  VI. 

SPECIAL  MORPHOLOGY  AND   CLASSIFICATION. 

Even  the  most  superficial  observation  of  the  vegetable 
world  is  sufficient  to  show  that  no  form  exists  on  the  earth 
as  a  single  individual,  but  that  each  is  repeated  with 
very  slight  variations.  These  variaticns,  however,  refer  only 
to  the  size,  colour,  degree  of  hairiness,  and  other  external 
character  of  the  separate  organs,  to  the  number  of  branches, 
leaves,  and  flowers,  in  short  to  points  so  unessential  that 
the  same  name  is  naturally  given  to  all  these  similar  indi- 
viduals. Closely  connected  with  this  is  the  additional  fact 
that  new  individuals  which  spring  from  seeds  resemble  ex- 
actiy  the  individuals  which  produced  the  seeds,  with  the 
exception  again  of  slight  and  unimportant  variations.  The 
entire  collection  of  those  plants  which  thus  coincide  in  all 
essential  characteristics,  and  of  all  those  which  are  de- 
scended from  the  same  parent,  is  called  a  Species.  But  a 
species  remains  unchanged,  even  within  the  limits  defined 
by  essential  characteristics,  only  as  long  as  the  vital  con- 
ditions remain  the  same.  When  these  are  altered  by 
change  of  climate  or  food,  or  of  relationship  towards  other 
organisms,  whether  man,  animals,  or  other  plants,  even 
some  of  these  characters  gradually  disappear,  and  are  re- 
placed by  others.  A  species  is  therefore  only  an  assem- 
blage of  forms  which  resemble  one  another  for  the  time 
being,  and  is  not  a  type  rigidly  defined  by  nature. 

Dependent  on  changes  produced  by  cultivation,  a  species 
is  divided  into  Stib-species  ;  and  when  the  characters  are 
hereditarily  transmitted  with  constancy  through  the  seed, 
into  Races,  Variations  within  the  same  race  are  called 
Varieties^  and  these  again  are  divided  into  Sub-vaneties, 

All  species  which  agree  in  the  essential  characters  ol 
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their  organs  of  reproduction — the  parts  of  the  flower,  seeds, 

spores,  &c. — form  together  a  Getius,     The  diff'erent  species 

belonging  to  the  same  genus  may  differ  very  considerably 

in  their  vegetative  organs  ;  but  the  slighter  these  differences 

the  more  natural  is  the  genus. 

Since  the  time  of  Linnaeus  two  names  have  been  given 

to  every  plant,  a  generic  and  a  specific  name,  the  generic 

name  being  placed  first,  and  the  specific  name  last.     Thus 

the  cucumber  is  Cucumis  sativus,  the  melon  Cucuviis  melo, 

both  belonging  to  the  genus  Cucumis, 

Since  the  conception  of  a  genus  is  defined  arbitrarily,  according  to 
Ihe  individual  view  of  each  naturalist,  and  that  of  a  species  is  no  more 
natural,  it  has  come  to  pass  in  the  course  of  time  that  one  and  the  same 
plant  has  received  several  specific  and  generic  names,  or  that  the  same 
name  has  been  given  to  different  plants.  In  order  to  distinguish  clearly 
the  particular  plant  meant,  it  is  usual  to  append  to  its  name  that  of  the 
botanist  who  first  bestowed  it.  Thus  by  the  phrase  Coniuin  maculatum 
Ijnn.,  is  meant  that  Linnaeus  was  the  first  to  give  this  name  to  the  com- 
mon hemlock.  In  the  present  work  the  name  of  the  authority  will  not 
be  given,  because  only  those  plants  will  be  mentioned  with  respect  to 
which  there  will  be  little  danger  of  a  mistake  as  to  the  species  intended. 

For  the  purpose  of  obtaining  a  general  View  of  the  enor- 
mous number  of  plants,  and  their  mutual  similarities  or  re- 
lationships, their  classification  into  genera  is  not  suflficient. 
Those  genera  which  are  nearly  related,  i.e.  which  resemble 
one  another  in  the  form  and  mode  of  arrangement  of  their 
organs  of  reproduction,  are  collected  into  Families ;  these 
into  Orders  \  and  these  again  into  Classes.  Several  classes 
go  to  make  up  a  Sub-kingdom^  and  the  whole  collection  of 
sub-kingdoms  constitutes  the  Vegetable  Kingdom.  Since, 
where  the  relationships  are  complicated,  it  is  often  neces- 
sary to  distinguish  steps  even  intermediate  between  these, 
it  is  usual  to  arrange  the  orders  which  make  up  a  class  into 
Series,  the  genera  which  make  up  a  family  into  Tribes,  and 
the  species  which  make  up  a  genus  into  Sections.  To  de- 
note still  further  sub-divisions,  the  prefix  *  sub '  may  be 
placed  before  any  of  the  terms  mentioned,  so  as  to  mark 
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still  further  intermediate  grades;  thus  a  Sub-family  is  a 
grade  between  family  and  tribe,  a  Sub-tribe  a  grade  between 
tribe  and  genus,  &c. 

Classifications  of  plants  which  are  carried  out  according  to  definite 
principles  are  called  systems,  and  are  distinguished  as  Natural  and 
Artificial  systems. 

Natural  Systems  are  constructed  synthetically  ;  i.e,  they  ascend 
from  the  individual  upwards,  placing  always  in  juxtaposition  those 
forms  which  are  most  nearly  related,  and  thus,  by  the  continual  group- 
ing of  the  most  nearly  related  forms  in  each  stage,  attaining  a  gradual 
and  general  view  of  the  entire  vegetable  kingdom.  A  natural  system 
may  therefore  be  called  a  Grammar  of  the  Vegetable  Kingdom,  since  it 
explains  all  the  laws  and  relationships  according  to  which  distinct  in- 
dividuals are  united  into  species,  genera,  families,  onlers,  classes,  &c., 
in  short,  into  one  harmonious  whole.  Much  is,  nevertheless,  left  to 
the  arbitraiy  decision  of  each  naturalist ;  although  a  moderate  degree 
of  unanimity  has  now  bean  arrived  at  with  respect  to  the  boundaries  of 
the  different  orders.  The  ordere  are  therefore  the  unities  out  of  which 
the  vegetable  kingdom  is  constructed,  although  they  have  not  yet 
been  grouped  into  a  perfect  natural  system.  The  natural  system  has 
l)een  compared,  but  not  very  happily,  to  a  chain,  a  copiously  branched 
tree,  or  a  net.  The  l)est  simile  is  that  of  Linna.*us,  who  compared  the 
various  reciprocally  related  families  to  the  countries  of  a  continent,  to 
which  peninsulas  are  attached  by  slight  connections,  and  near  which  are 
islands  representing  isolated  families. 

Artificial  systems  are,  on  the  contrary,  constnicted  analytically,  and 
set  out  in  the  opposite  direction,  the  whole  ground  being  broken  up  by 
repeated  divisions,  in  accordance  with  a  predetermined  principle  of 
classification,  until  finally  you  arrive  at  the  individual  plant.  They 
may  be  compared  to  dictionaries,  in  which  the  whole  vocabulary  is 
arranged  according  to  the  one  principle  of  an  alphabetical  arrange- 
ment, artificial  systems  being  in  the  same  manner  characterised  by  the 
arrangement  of  the  total  number  of  genera  in  accordance  with  a  single 
principle.  Both  place  together  things  that  differ  most  widely  ;  but 
both  enable  any  desired  word  or  any  particular  plant  to  be  easily 
found,  or  to  have  its  place  assigned  it  among  the  rest.  Strictly  speak- 
ing, an  artificial  system  ought  to  be  based  on  only  a  single  principle 
of  classification,  or  rather  on  the  more  or  less  perfect  development  of 
a  single  organ  ;  but  usually  the  characters  of  several  are  taken  into 
account.  It  would  be  possible  for  there  to  be  many  artificial  systems 
of  equal  value;  and  as  long  ago  as  1765,  Adanson   enumerated  6^. 
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The  best  is  the  Sexual  System  of  Linnaeus,  which  bases  its  principle 
of  classification  on  the  essential  parts  of  the  flower,  the  stamens  and 
pistils  (or  as  we  should  now  say,  carpels). 


THE   LINNEAN   SYSTEM. 

Linnaeus  divided  the  vegetable  kingdom  into  24  classes,  dependent 
on  the  number  and  arrangement  of  the  stamens  ;  and  tjiese,  again,  into 
orders  with  respect  to  the  pistils.  His  orders  are  divided  into  genera, 
and  these  into  species. 

The  first  23  classes  comprise  Flowering  Plants,  those  which  possess 
stamens  and  pistils  (or  in  a  few  cases  ovules  only  in  place  of  the  pistil). 
Of  these  classes,  L-XX.  comprise  plants  with  hermaphrodite  flowers, 
i.e.  those  in  which  the  stamens  and  pistils  occur  in  the  same  flower. 
Classes  XXL,  XXIL,  ana  XXIIL  include  plants  with  imperfect  uni- 
sexual flowers,  containing  stamens  only  (staminate  or  male  flowers,  <J ) 
or  pistils  only  (pistillate  or  female  flowers,  9).  In  the  first  1 1  classes, 
the  number  of  free  stamens  forms  the  basis  of  classification  ;  the  length 
of  the  stamens  is  immaterial,  with  the  exception  of  the  4th  and  6th 
classes,  in  which  they  must  be  all  of  equal  length.  In  the  12th  and 
13th  classes,  the  number  and  mode  of  attachment  of  the  free  stamens 
is  taken  into  account ;  and  in  the  14th  and  15th  the  number  and  un- 
equal length  of  the  free  stamens.  In  the  1 6th,  17th,  18th,  and  19th 
classes,  Linnaeus  included  those  plants  in  which  the  stamens  are  co- 
herent to  one  another ;  in  the  20th,  those  in  which  the  stamens  are 
adherent  to  the  pistil.     Their  characters,  therefore,  are  as  follows  : 

Class  I.  MoNANDRiA.  I  free  stamen  in  a  hermaphrodite  flower 
(Fig.  211  B,  p.  116). 

Class       II.  DiANDRiA.    2  free  stamens  inaheimaphrodite  flower. 

Class  III.  Trtandria.  3  free  stamens  in  a  hermaphrodite  flower 
(Fig.  264,  p.  136). 

Class  IV.  Tetrandria.  4  free  stamens  of  equal  length  in  a  her- 
maphrodite flower. 

Class  V.  Pentandria.  5  free  stamens  in  a  hermaphrodite  flower 
(Fig.  265,  p.  136). 

Class  VI.  Hexandria.  6  free  stamens  of  equal  length  in  a  her- 
maphrodite flower. 

Class  VII.  Heptandria.  7  free  stamens  in  a  hermaphrodite 
flower. 

Class  VIII.  Octandria.  8  free  stamens  in  a  hermaphrodite 
flower. 
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Class        IX,  Enneandria.     9  free  stamens  in  a  hermaphrodite 

flower. 

Class         X.  Decandria.     10  free  stamens  in  a  hermaphrodite 

flower. 

Class  XI.  Dodecandria.  12-19  free  stamens  in  a  hermaphro- 
dite flower. 

Class  XII.  IcosANDRiA.  20  or  more  free  stamens  on  the  mar- 
gin of  the  calyx  in  a  hermaphrodite  flower  (Fig. 

256,  p.  133). 
Class    XIII.  PoLYANDRiA.     20  or  more  free  hypogynous  stamens 

in  a  hermaphrodite  flower,  adherent  neither  to  the 

corolla  nor  to  the  ovary  (Fig.  209,  p.  115). 
Class    XIV.  DiDYNAMiA.     2  long  and  2  short  free  stamens  in 

a  hermaphrodite  flower  (Fig.  273,  p.  139). 
Class     XV.  Tetradynamia.     4  long  and  2  short  free  stamens  in 

a  hermaphrodite  flower  (Fig.  274,  p.  139). 
Class    XVI.  Monadelphia.     Stamens  united  at  their  base  into  a 

tube  open  above  which  encloses  the  pistil  (Fig.  275, 

P-  139). 
Class  XVII.  DiADELPHiA.     Stamens  united  at  their  base  into  2 

equal  or  unequal  bundles  (Fig.  276,  p.  139). 
Class  XVIII.  PoLYADELPHiA.     Stamens  united  at  their  base  into 

several  bundles  (Fig.  277,  p.  139). 
Class    XIX.  Syngenesia.     Filaments  free ;  but  the  anthers  co» 

herent  into  a  tube  which  encloses  the  pistil  (Fig. 

278,  p.  139). 

Class      XX.  Gynandria.    Stamens  springing  from  the  summit  of 

the  ovary  near  to  the  stigma  (Fig.  279,  p.  139). 

Class  XXI.  MoNCECiA.  Flower  unisexual ;  staminate  and  pistil- 
late flowers  on  the  same  plant. 

Class  XXII.  DiCECiA.  Flower  unisexual ;  staminate  and  pistil- 
late flowers  on  different  plants. 

Class  XXIII.  PoLYGAMiA.  Staminate,  pistillate,  and  hermaphro- 
dite flowers  on  the  same  plant. 

Class  XXIV.  Cryptogamia,  or  Flowerless  Plants.      No  stamens 

nor  ovules. 

Each  of  these  classes  comprises  several  orders.  In  the  first  13 
classes  the  characters  of  the  orders  depend  on  the  number  of  pistils,  \i.e. 
carpels],  or  on  the  number  of  styles  or  stigmas. 

R 
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Order    i.  Monogynia.     i  pistil  with  i  stigma. 

Order    2.  Digynia.     2  pistils,  or  i  pistil  with  2  stigmas. 

Order    3.  Trigynia.     3  pistils,  or  i  pistil  with  3  stigmas. 

Order    4.  Tetragynia.     4  pistils,  or  i  pistil  with  4  stigmas. 

Order    5.   Pentagynia.     5  pistils,  or  1  pistil  with  5  stigmas. 

Order    6.  Hexagynia.     6  pistils,  or  i  pistil  with  6  stigmas. 

Order    7.  Heptagynia.     7  pistils. 

Order    8.  Octogynia.     8  pistils. 

Order    9.  Enneagynia.     9  pistils. 

Order  10.  Decagynia.     10  pistils. 

Order  II,  Dodecagynia.     12  pistils. 

Order  12.  PoLYGYNiA.     More  than  12  pistils. 

All  the  orders  belonging  to  the  various  classes  are  not  represented 
in  the  English  flora.  Examples  are  as  follows  : — To  Class  I.,  Order  i 
(indicated  shortly  as  I.  i),  belongs  Htppuris  vulgaris  ;  to  II.  i.  Salvia  \ 
III.  I,  Valeriana^  Irisy  and  most  Cyperaceae ;  III.  2,  almost  all 
Grasses ;  IV.  i,  Dipsacacese  and  Rubiaceae ;  IV.  4,  Ilex ;  V.  i,  Bor- 
ragineae,  Primulaceae,  Solanaceae,  and  Campanulacese ;  V.  2,  Umbelli- 
ferae ;  V.  3,  Sambucus  \  V.  5,  Linum  \  VI.  I,  Liliaceae  and  Juncaceae; 
VI.  3,  Rumex ;  VIII.  i,  EpilobiutHy  (Enot/iera,  Erica  ;  X.  I,  Arbu- 
tus;  X.  2,  Dianthus^  Saxifraga  \  X.  3,  Alsine,  Silene'^  X.  5,  Oxalis^ 
Lychnis,  Cerastium ;  XI.  i,  Lythrum\  XI.  3,  Reseda  \  XI.  5,  Semper- 
vivum\  XII.  I,  Prunus]  XII.  5,  Pyrtts,  Mespilus\  XII.  12,  Rosa, 
Fragaria,  Rubus  \  XIII.  I,  7/7/Vz,  Papaver\  XIII.  2-12,  Ranuncu- 
laceae:  Pceonia,  Delphinium,  Aconitiun,  Ranunculus,  Helleborus, 

The  14th  and  1 5th  classes  have  each  2  orders  distinguished  by  their 
fruit. 

XIV.  I.  Gymnospermia  ;  including  most  Labiatse :  Thymus, 
Ajuga,  &c.  (Fig.  379  B). 

XIV.  2.  Angiospermia.    Scrophulariacese:  Antir- 
rhinum, Pedicularis,  &c.  (Fig.  297,  p.  144). 

XV.  I.  SiLicuLOSiE.     Capsella,  Nasturtium,    &c. 

(Fig.  317,  p.  151). 

XV.  2.  SlLlQUOS/€v.      Cheiranthus,  Raphanus 
In  classes  XVI.,  XVII.,    and  XVIII.,  the  orders 
are  distinguished  by  the  number  of  stamens.      The  fol- 
lowing are  comprised  in  the  English  flora  :- 
jj..^  XVI.  2.  Monadelphia  Pentandria.     Erodium, 

«IG.      379     B.   — 

Fruit  of  Ajuga        XVI.  4.  MoNADELPHiA  Decandria.    Geranium  ; 
(Labiatae).  ^^^^  Legiiminosae. 

XVI.  5.  Monadelphia  Polyandrta.     Malva. 

XVII.  I.  DiADELPHiA  Hexandria.     Fumariaceae. 
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XVII.  2.    DiADELPHIA  OCTANDRIA.      Polygala. 

XVII.  3.  DiADELPHIA  Decandria.  Most  Leguminosae :  Tri- 
folium^  LotttSy  Vicia,  &c. 

Class  XVIII.  POLYADELPHIA.    Hypericum  with  3  styles. 
Class  XIX.  is  divided  into  the  following  orders  : — 

1.  Syngenesia  itQUALiA.  Taraxacuvi^  Cichoriuniy  Laciiica,  Car- 
duusy  Cnkus  (Fig.  213,  p.  117). 

2.  Syngenesia  superflua.  Artemisia^  Aster^  Anthemis^  Bellis 
(Fig.  214,  p.  118). 

3.  Syngenesia  frustranea.     Centatirea  (Fig.  203,  p.  112). 

4.  Syngenesia  necessaria.     Calendula, 

5.  Syngenesia  segregata.  Echinops.  (These  two  are  not  in- 
cluded in  the  English  flora.) 

These  5  orders  together  form  the  natural  order  Compositae. 

In  the  20th,  2 1st,  and  22nd  classes,  the  orders  are  again  charac- 
terised by  the  number  and  arrangement  of  the  stamens.  The  following 
occur  in  the  English  flora  : — 

XX.  I,  Orchis^  Ophrys,  Epipadis;  XX.  2,  Cypripedium;  XX.  6, 
Aristolochia ;  XXI.  I,  Euphorbia;  XXI.  3,  Sparganium,  most  Ca- 
rices;  XX.  4,  Alnus;  XXI.  5,  Betula^  Fagus^  Quercus;  XXI.  6,. 
Pinus;  XXII.  2,  Salix ;  XXII.  3,  Empetrum,  Ruscus ;  XXII.  4, 
Viscum ;  XXII.  5,  Humulus;  XXII.  6,  Tamus ;  XXII.  7,  Populus; 
XXII.   8,  Hydrocharisy  Mercurialis ;  XXII.  12,  Taxus, 

Class  XXIII.  comprises  the  order  : — 

I.  Polygamia  Mongecia.     Atr\plex, 

The  24th  class  Linnieus  divided,  according  to  their  natura  relation- 
ships, into  4  orders  : — i.  Filices ;  Ferns.  2.  Musci ;  Mosses.  3. 
Algae.     4.  Fungi. 


THE  NATURAL   SYSTEM. 

The  system  of  classification  at  present  in  use  has  gradu- 
ally grown  up  from  a  combination  of  those  proposed  by 
Jussieu,  De  Candolle,  Endlicher,  Lindley,  Bentham,  and 
other  systematists,  and  may  therefore  be  called  an  Eclectic 
System.  According  to  it  the  vegetable  kingdom  is  divided 
into  two  great  sections,  Cryptogamia  and  Phanerogamia,  the 
former  being  destitute  of  flowers  containing  anthers  and 
ovules,  the  latter  having  these  organs. 

R  2 
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Cryptogamia  are  again  divided  into  four  groups  or  sub- 
divisions, viz. : — 

1.  Thallophytes  or  Leafless  Cellular  Cryptogams. 
Plants  which  have  no  leaves  and  no  vascular  tissue,  but  are 
constructed  of  cells  only.  There  are,  however,  certain 
transitional  forms  which  must  not  be  overlooked  between 
these  and  the  leafy  Cryptogams.  To  this  sub-division  be- 
long :  I,  Algce  \  2,  Fungi;  and  3,  Lichens,  It  is  impossible 
to  lay  down  accurate  lines  of  demarcation  between  these 
three  classes  ;  but  it  may  be  stated  broadly  that  Algae  con- 
tain chlorophyll,  and  are  therefore  able  to  avail  themselves 
of  inorganic  food-materials  ;  while  Fungi  contain  no  chloro- 
phyll, and  are  therefore  not  able  to  make  use  of  absorbed 
unassimilated  food-materials,  but  are  compelled  to  live  as 
parasites  on  other  organisms,  or  on  organic  remains. 
Lichens,  again,  assume  an  intermediate  position,  uniting  in 
themselves  the  characters  of  Algae  and  Fungi. 

2.  Charales.  Submerged  water-plants  readily  recog- 
nised externally  by  their  organs  of  reproduction,  which  re- 
semble a  spirally  striated  nucule  surmounted  by  a  coronet 
Their  distinguishing  characteristic  lies  in  the  peculiar  pheno- 
mena connected  with  the  formation  of  the  organs  of  reproduc- 
tion (Figs.  418-420,  pp.  292,  293). 

3.  MusciNEiE.  We  have  here  a  distinctly  marked  alter- 
nation of  generations.  From  the  spore  is  developed  either 
directly  (in  most  Hepaticse)  or  indirectly,  as  the  lateral 
branch  of  a  so-called  pro-embryo  (in  some  Hepaticae  and 
all  Musci)  a  plant  which  bears  the  organs  of  reproduction ; 
this  is  the  first  [sexual]  generation.  The  result  of  fertilisation 
is  the  second  [nonsexual]  generation,  a  fruit-like  structure, 
the  sporogonium^  in  which  the  spores  are  formed.  This 
group  is  divided  into  two  classes:  i,  ffepaticce,  and  2, 
Musdy  of  which  the  former  has  capsular  sporogonia,  usually 
opening  with  valves,  and  containing,  in  addition  to  the 
spores,  elaters,  i.e.  elongated  spirally  thickened  cells  (Fig.  422, 
III.  p.  295)  [the  object  of  which  is  to  assist  the  dissemina- 
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tion  of  the  spores]  ;  while  the  sporogonia  of  Musci  have 
usually  a  removable  lid  or  operculum  and  do  not  contain 
elaters. 

4.  Vascular  Cryptogams.  These  possess  true  vessels, 
and  are  also  characterised  by  the  development  from  the 
spore  of  a  leafless  pro-embryo  of  small  size,  bearing  the 
oospheres  from  which,  after  fertilisation,  the  spore-bearing 
plant  is  produced.  The  former  is,  therefore,  the  sexual,  the 
latter  the  nonsexual  generation.  They  are  classified  into  two 
series — the  Isosporous  and  the  Heterosporous,  The  former 
produce  only  one  kind  of  spore  ;  the  pro-embryo,  which  is 
developed  from  this,  grows  for  a  considerable  time  inde- 
pendently of  the  spore,  and  bears  both  the  male  and  female 
organs  of  reproduction  \antheridia  and  arclugonid\  The 
Heterosporous  Vascular  Cryptogams  produce,  on  the  con- 
trary, two  kinds  of  spores,  larger  or  7nacrosporeSy  and 
smaller  or  microspores.  From  the  former  arise  pro-embryos, 
on  which  the  oospheres  are  developed  ;  while  the  latter 
prcdace  only  a  slight  trace  of  pro-embryo,  and  almost 
immediately  the  male  elements,  the  spermatozoids  or  an- 
therozoids.  The  Isosporous  Vascular  Cryptogams  are 
divided  into  three  classes  : — i.  Fllices.  The  pro-embryo  is 
above-ground  and  green ;  the  sporangia  are  epidermal 
structures  (trichomes)  of  the  leaves.  2.  Eqiiiseiacece,  The 
pro-embryo  is  above-ground  and  green;  the  verticillate 
leaves  are  provided  with  sheaths ;  the  sporangia  are  formed 
several  together  on  the  margin  of  peltate  leaves,  which  form 
a  terminal  fructification.  3.  Ophioglossacece.  The  pro- 
embryo  is  subterranean,  not  green,  and  monoecious;  the 
stem  is  unbranched  ;  the  sporangia  are  formed  on  a  branch 
of  the  leaf  which  forms  a  panicle  or  spike.  The  Hetero- 
sporous Vascular  Cryptogams  include  the  two  remaining 
classes  : — 4-  Rhizocarpece,  The  sporangia  are  formed  in 
considerable  numbers  in  the  interior  of  hollow  capsules,  the 
sporocarps,  and  contain  either  a  single  macrospore  or  a 
number  of  microspores.     5.  Lycopodiacece,     The  sporangia 


246  Structural  and  Physiological  Botany. 

are  produced  singly  on  the  upper  side  and  near  the  base  of 
the  leaf.  The  macrosporangia  contain  a  small  number  of 
macrospores,  the  microsporangia  a  large  number  of  micro- 
spores. 

Phanerogamia  or  Flowering  Plants  are  classified  into 
two  divisions  : — i.  Gymnospermia,  in  which  the  ovules  are 
naked,  />.  not  enclosed  in  an  ovary ;  and  2.  Angiospermia, 
in  which  they  are  so  enclosed.  The  alternation  of  genera- 
tions is  in  them  concealed  in  the  formation  of  the  seed.  The 
pollen-grain  corresponds  to  the  microspore,  and  the  embryo- 
sac  to  the  macrospore  of  the  Heterosporous  Vascular  Crypto- 
gams. Gymnosperms  comprise  the  Cycadece,  which  have  a 
simple  stem  and  pinnate  leaves ;  and  the  ConifercBy  with 
branched  stem  and  simple  usually  acicular  leaves.  Angio- 
sperms  are  again  divided  into  two  classes,  Monocotyledones 
and  Dicotyledones.  In  the  former  the  embryo  has  only  a 
single  cotyledon,  the  vascular  bundles  of  the  stem  are  dis- 
persed, and  the  prevalent  number  in  the  parts  of  the  flower 
is  3.  In  Dicotyledons  the  embryo  has  almost  always  two 
opposite  cotyledons,  the  vascular  bundles  are  united  in  the 
stem  into  a  more  or  less  complete  ring,  surrounding  a  central 
(axial)  pith,  and  the  prevalent  number  in  the  parts  of  the 
flower  is  5  [or  4]. 

It  is  necessary  again  to  state  very  distinctly  that  there  are  a  number 
of  plants  which  must  be  assigned,  in  consequence  of  their  natural  affi- 
nity, to  a  class  in  which  they  could  not  be  included  if  its  distinguishing 
characteristics  were  rigidly  interpreted.  If,  however,  in  such  a  case  the 
principle  of  the  classification  were  to  be  rigidly  enforced,  we  should 
fall  into  the  greater  evil — because  still  more  opposed  to  the  idea  of  a 
natural  system — of  separating  arbitrarily  what  are  naturally  related. 
Even  the  best  natural  system  must,  therefore,  be  either  not  altogether 
systematic,  or  must  be  unnatural,  because  any  systematic  attempts  to  con- 
strain free  Nature  in  the  fetters  of  an  arrangement  which  is  foreign  to 
her,  must  leave  out  of  account  the  numerous  transitional  forms  which 
occupy  intermediate  places  between  the  principal  types. 
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CRYPTOGAMIA,  OR  FLOWERLESS  PLANTS. 


Class  I.    Alga. 
The  Algfe  include  some  of  the  smallest  and  simplest 
forms  of  vegetable  life,  rising  in  other  instances  to  a  high 
degree  of  organisation  and  considerable  dimensions.    Some 


species  of  PalnuUa  have  a  diameter  of  only  'oooi  to  'oooa 
mm,,  white  Macrocystit  attains  a  length  of  300  metres  or  more. 
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The  important  points  of  distinction  between  the  different 
forms  depend  either  on  the  degree  of  development  of  the 
individual  cells,  or  on  the  mode  in  which  they  combine. 
Even  among  the  Unicellular  Algae  the  greatest  variety  of 
forms  is  found,  from  the  globular  Pleurococcus  (Fig.  59, 
p.  37),  and  the  rooting  spherical  cell  of  Botrydium  (Fig.  81, 
p.  55),  to  the  species  of  CatUerpa  (Fig.  380)  of  tropical  seas, 
two  feet  in  length,  and  simulating  the  appearance  of  stem, 
leaves,  and  roots.  Sometimes  the  single  cell  branches 
copiously,  its  branches  becoming  most  intimately  connected 
with  one  another  in  such  a  peculiar  way  that  a  tissue -like 
structure  is  produced,  as  in  Ccleockcete  scutata,  and  a  section 
through  the  whole  presents  the  appearance  of  a  number  of 
cell-cavities,  where  we  have  actually  only  protuberances  of 
a  single  cell.  Sometimes  these  protuberances  lie  in  such 
regular  layers  one  over  another,  that  a  transverse  section 
might  be  imagined  to  exhibit  one  medullary  and  two  cor- 
tical layers,  as  in  Udotea  cyaihiformis,  A  number  of  Uni- 
cellular Algae  often  constitute  a  colony  of  cells  genetically 
and  organically  united,  which  behaves  to  its  environment 
in  all  respects  as  a  single  individual  (Figs.  58,  59,  p.  37). 
The  Multicellular  Algae  are  either  filiform,  the  cells  arranged 
in  a  single  row  or  thread  (Fig.  54,  p.  32);  or  the  cells  form 
a  fiat  surface  or  single  layer  only  one  cell  thick  (Fig.  82, 
p.  56) ;  or,  finally,  a  solid  mass  of  cells  in  three  directions. 
Within  these  three  classes  even  a  greater  variety  of  form 
prevails  than  in  the  Unicellular  Algae  ;  some  of  the  larger 
species  of  Fucus,  for  example,  often  bearing  a  resemblance 
to  branchecl  trees.  In  the  massive  Algae  it  is  very  common 
for  there  to  be  a  differentiation  to  this  extent  into  epidermis 
and  fundamental  tissue,  that  the  outermost  layers  consist  of 
smaller  cells  with  thicker  walls,  while  the  interior  cells  are  often 
much  larger,  and  sometimes  of  great  length.  It  is,  however, 
possible  at  most  to  speak  only  of  a  pseudo-parenchyma; 
there  is  nothing  of  the  nature  of  primary  parenchyma  or 
cambium  ;  and  the  entire  process  of  growth  is  governed  by 


special  Morphology  and  Classification.         249 

a  single  apical  cell.    True  roots  provi'led  with  a  root-cap 
are  also  altogether  wanting. 

The  cell-walls  usually  consist  of  ordinary  unlignified 
ceiluiose,  which  is  coloured  blue  by  iodine  and  sulphuric 
acid.  It  is  worthy  of  note  that  the  cell-walls  of  Algse  have 
a  great  disposition  to  become  converted  into  a  mucilaginous 
substance,  causing  the  entire  oi^anism  sometimes  to  become 
surrounded  by  a  gelatinous  envelope,  while  in  other  cases  a 
stalk-hke  mass  of  jelly  connects  the  Alga  with  others  of  the 
same  kind,  or  fixes  it  to  its  substratum.  Many  are  cal- 
careous, and  the  calcium  carbonate  is,  in  some  cases,  as 
Corallina,  deposited  in  the  cell-wall ;  while  in  others,  as 
Cymopolia,  it  is  excreted  into  the  intercellular  spaces.  .The 
cell-walls  of  the  Diatomaceas  form,  in 
consequence  of  the  deposidon  in  them 
of  silica,  actual  coats  of  mail  which  are 
not  destroyed  either  by  decay  or  at  a 
red  heat.  Although  the  Diatoms  are  at 
most  o'l  mm.  in  diameter,  these  sili- 
ceous coatings  form  strata  which  are 
not  without  importance  in  building  up 
the  crust  of  the  globe,  as  in  the  case  of 
emery  and  infusorial  earth  (Fig.  38, 
p.  22,  and  Fig.  381). 

It  is  rare  for  the  cells  of  AlgE  to 
possess  a  nucleus  ;  hut  they  often  con- 
lain  starch.  The  presence  of  chloro- 
phyll is  of  special  importance  ;  and  this 
is  invariable,  although  often  concealed 
by  pigments  of  various  colours.  These 
combinations  of  colours  are  remarkably 
constant  in  large  natural  groups.  Thus 
the  Nostocaceee  are  of  a  bluish  or  light- 
green  colour,  the  Diatomaceas  yellow,  the  Fucacea;  brown  or 
olive,  and  the  Florideee  of  a  beautiful  rose-red.  Both  the 
chlorophyll  and  the  other  colouring  matters  sometimes  form 


fc 
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granules  in  the  living  cells,  sometimes  broad  bands  often 
curved  spirally,  as  in  Spirogyra  (Fig.  41,  p.  25),  sometimes 
elegant  discs,  the  forms  of  which  are  characteristic  of  par- 
ticular genera.  It  is  also  not  uncommon  for  the  chlorophyll- 
grains  to  be  imbedded  in  coloured  fluids.  On  the  death 
of  the  plant  these  colouring  matters  commonly  undergo  a 
change,  so  that,  when  dried.  Algae  seldom  retain  the  beauti- 
ful colours  of  the  living  plant. 

The  reproduction  of  Algse  is  effected  in  a  number  of 
different  ways  ;  viz.  : — 

1.  By  Fission  or  Division ;  the  plant  dividing  into  two 
new  individuals.    This  occurs  especially  in  the  Diatomaceae. 

2.  By  Gemmce,  which  become  detached  from  the  parent- 
plant  as  single  cells,  rarely  as  masses  of  cells,  and  grow  into 
new  independent  plants.  Of  this  nature  are  the  tetraspores 
of  the  Florideae  (Fig.  382) ;  and  a  similar  mode  occurs  also 
in  Spirogyra^  Zygfiejna^  UlothriXy  &c. 

3.  By  Swarmspores  or  Zoospores  (Fig.  82,  p.  56,  and  Fig. 
385).  One  Or  more  naked  primordial  cells  are  formed  by 
free-cell  formation  in  a  particular  cell  of  the  parent-plant, 
become  free  by  rupturing  its  cell-wall,  and  then  swim  about 
in  the  water  for  a  longer  or  shorter  time,  like  infusoria,  by 
means  of  two,  four,  or  a  larger  number  of  vibratile  cilia  with 
which  they  are  provided.  They  are  microscopic  and  desti- 
tute of  a  cell-wall ;  but,  after  gradually  coming  to  rest,  de- 
velope  a  cell- wall  of  cellulose,  and  then  grow  into  a  new 
Alga.  They  occur  in  both  freshwater  and  marine  Algae, 
Vaucheria,  CEdogonium,  &c, 

4.  By  the  formation  of  Oospores  or  Embryos  from  the 
coalescence  of  the  contents  of  two  cells.  The  simplest 
variety  of  this  process  is  that  known  as  Conjugation^  in 
which  no  diff*erence  is  perceptible  between  the  fertilising 
and  the  fertilised  cells  (Fig.  54,  p.  3«,  and  Fig.  383).  This 
occurs  in  the  Conjugatae  and  Diatomaceae.  Leas  frequendy 
two  swarmspores,  one  of  which  exceeds  the  other  in  size 
many  times,  coalesce,  the  product  of  their  union  being  a 
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single  reproductive  cell,  as  in  Paftdortna  and  Ulothrix. 
This  last  form  of  conjugation  constitutes  a  connecting  link 
between  the  modes  of  reproduction  by  swannspores  and  by 
oospores.  Tliose  processes  of  impregnation  are  more  com- 
plicated in  which  the  two  cells  which  share  in  the  produc- 
tion of  the  embryo  are  unlike.  The  fertilising  [male]  body 
is  in  these  cases  termed  a  spermatozoid,  antherozoid,  or 


Spenn-cell ;  the  mass  of  protoplasm  which  has  to  be  fer- 
tilised [female  cell],  an  oospkere  or  Germ-cell.  The  latter 
are  many  (often  several  hundred)  times  larger  than  the 
former.  The  antherozoids  are  first  formed  in  a  cell  which  - 
is  called  an  antheridium,  and  the  oosphere  is  the  result  of 
the  contraction  of  the  protoplasm  of  a  special  cell  termed 
the  oogonium.  In  Vaucheria,  Fig.  384,  a  number  of  elon- 
gated antherozoids  are  formed  in  the  aniheridia,  here  called 
'horns;'  these  penetrate  into  the  oogonium  through  an 
opening  formed  in  its  cell-wall  at  the  period  of  its  maturity, 
and  finally  reach  the  oosphere.    The  latter  clothes  itself. 
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after  fertilisation,  with  a  membrane  of  cellulose,  and  becomes  ■ 
the  oospore  or  embryo.  This  embryo  assumes  the  form  of 
a  resting-spore,  which  does  not  germinate  at  once,  but  is  set 


free  when  the  Alga  itself  decays,  sinlts  to 
the  groimd,  remains  dormant  through  the 
winter,  and  germinates  in  the  spring.  In 
Qiiiogoniuni  (Fig,  385)  the  oogonium  is  a  cell  of  the  filament 
itself.  The  multicellular  antheridium  or  '  Dwarf  Male '  is 
formed  from  a  peculiar  swarmspore  \androspore\  which 
attaches  itself  to  the  oogonium.  Only  a  single  antherozoid 
is  formed  in  each  cell  of  the  antheridium,  which  escapes 
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through  a  sht  and  forces  itself  into  the  oogonium  through  an 
opening  formed  at  the  same  time  in  its  cell-wall,  and  finally 
reaches  the  oosphere,  which  then  developes  into  a  resting- 
spore.    In  the  Floridese  the  antherozoids  ^ 

[are  unprovided  with  cilia  and]  are  only 
moved  about  passively  in  the  water ;  they    o 
attach  themselves  to  a  hair-like  cell,  the  ^    * 

trichogyne,  emptying  their  contents  into  it. 
The  result  of  this  impregnation  is  seen 
sometimes  at  the  base  of  the  trichogyne 
(in  Nemaliiim,  Fig.  386),  sometimes  in 
adjoining  cells  (in  the  Ceramiaceie),  some- 
times (in  Dudresnaya)  in  altogether  dif- 
ferent branches,  on  which  cystocarps  are 
formed,  which  contain  the  oospores. 

In  many  sections  of  Algse  different 
modes  of  reproduction  occur  in  the  same 
species ;  and  these  are  often  associated 
into  an  Alternation  of  Generations  ;  by 
which  is  meant  that  the  mode  of  repro- 
duction varies  according  to  the  genera- 
tion. This  occurs  especially  in  the  fresh- 
water Algje,  where  an  individual  which  is 
developed  out  of  a  swamnspore  itself  pro-  ym.  -m.- 
duces  sexual  organs,  and  vice  versd.  %fidu™ 

AlgEe  are  submerged  water  plants,  or   '    ' 

at  all  events  require  water  for  their  pro-     " " '*''~ 

cesses  of  development,  and  especially  for  their  reproduc- 
tion. Certain  vital  phenomena,  as  for  instance  the  alter- 
lution  of  generations  and  the  production  of  swarmspores,  are 
sometimes  dependent  on  immersion  in  water  following 
the  drying-up  of  the  cells.  I'he  degree  of  concentration 
of  the  fluid  in  which  Algas  grow  has  also  a  great  influ- 
ence on  their  development.  Chlorococcns  infiisionum,  for 
example,  propagates  itself  in  a  less  dense  nutrient  fluid 
by  means  of  swarmspores,  in  a  more  concentrated  ma- 
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dium  by  breaking  up  into  motionless  globules ;  and  when 
these  spherical  cells  become  closely  crowded  together  by 
the  gradual  evaporation  of  the  fluid,  they  coalesce  into  a 
pellicular  stratum,  the  individual  globules  assuming  a  poly- 
gonal form  in  consequence  of  their  mutual  pressure.  This 
latter  form  was  at  one  time  described  under  the  name  Lim- 
nodictyon  Rcemurianum,  Algae  are  rarely  true  parasites, 
although  they  very  commonly  inhabit  the  surface  of  other 
plants ;  they  much  more  often  obtain  their  food  by  direct 
assimilation.  They  may  be  classified  according  to  their 
habitat  into  Freshwater  and  Marine  Algse.  The  former  are 
mostly  green,  and  are  found  plentifully  in  any  stagnant 
water  or  ditch  in  the  spring  and  summer,  and  not  unfre- 
quently  contribute,  by  their  process  of  vegetation,  to  the 
removal  of  substances  decaying  in  the  water.  The  red, 
green,  and  brown  marine  Algae  are  larger  and  of  much  greater 
beauty ;  some  of  these  live  only  in  the  breakers,  others  only 
on  the  quiet  bed  of  the  ocean.  They  very  often  occur  in 
great  masses ;  the  largest  of  these  is  the  *  sargasso  sea,'  which 
occupies  several  thousand  square  miles  in  the  Atlantic  be- 
tween 19°  and  34°  N.  lat.  and  34^  and  36°  W.  long.,  the 
surface  of  the  sea  being  covered  with  detached  sterile  masses 
of  the  *  gulf- weed,*  Sargassum  bacciferum  (Fig.  387).  Sar- 
cina  or  Merismopcedia  ventriculi  is  commonly  found  in  the 
gastric  juice  of  man  ;  and  it  is  still  an  undecided  question 
whether  these  cube-shaped  cells  united  together  in  strings 
are  of  pathological  character  or  not  The  number  of  types 
included  in  Algae  is  not  remarkably  large ;  but  that  of  the 
individuals  which  are  collected  in  masses  is  enormously  great. 
The  gelatinous  substance  of  the  cell-walls  gives  to 
several  kinds  of  Algae  the  property  of  being  used  as  articles 
of  diet,  such  as  the  si>ecies  of  Laminaria  and  Ulva  (green 
laver)  on  the  coasts  of  Scotland  and  Ireland,  and  the  *  carra- 
geen moss '  which  is  obtained  from  Sphcerococcus  crispus  and 
mammillosus.  The  ashes  of  the  larger  marine  Algae  were  at 
one  time  largely  employed,  as  kelp,  in  the  manufacture  of 


special  MorpJtology  and  Classification.         255 

alkali,  and  still  are  for  that  of  iodine.  Gigarthina  kelmiii- 
thochorlos  furnishes  'worm-moss,'  but  is  usually  adulterated 
with  other  species  of  marine  Algse. 

It  cannot  be  said  that  there  is  at  present  any  classifica- 
tion of  Algas  on  a  truly  scientific  basis.     In  its  place  a 


Fig.  387. -The  gulf-i 


selection  may  be  made  of  typical  forms,  round  which   tlie 
rest  group  themselves. 

The  NostocacEjI  form  filiform  unbranched  rows  of  cells.  The 
filaments  are  free  in  Osiillalgria  ;  while  in  Nosloc  ihey  are  enclosed  in 
gelatinous  envelopes,  itnd  by  the  melting  of  these  are  often  united  inia 
larger  colonies.  The  vegetative  cells,  which  are  capable  of  dividing 
jnio  daughter -cells,  contain  ahonu^eneous  or  granul^T'gtcto^asxn  0*^  «■ 
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bluish-green  colour,  caused  by  the  mixtuTe  of  (he  colouring  matter  or 
chlorophyll  with  a  blue  and  yellow  pigment.  The  form  of  the  in- 
dividual cells  is  discoid  or  nearly  spherical.  But  little  is  known  of 
their  mode  of  reproduction. 

The  HvDRODlCTYE.^  contain  pure  chlorophyll,   and    are   distin- 
guished  by  producing  a   lai^e  number  of  swannspores   which,  after 
coming  to  rest,  unite  into  a  family.    TTiis  is  of  tabular  form  in  Ptdias- 
Irani  (Fig.  58,  p.  37)  ;   in  Hydradictyon  a  sack-like  wide-meshed  net. 
The    VoLvociNE.*   form    colonies    which  are    quadrangular    in 
Gimium,  spherical  in  Volvox  [and  Suphanc5phitrtt\  the  cells  being  im- 
bedded in  a  hyaline  jelly.     The  whole  colony  is  carried  in  a  circular 
and  prc^essive  movement  by  the  vibratile  motion  of  the  ciiia  which 
project  from  the  separate  individuals  through  the  jelly  into  the  water.' 
The  Conjugate  are  distinguished  from  all  other  Algce  by  their 
reproduction  by  the  proces?  of  Conjugation.    In  the  Zygnemea  and 
Mesocarpeie  the  conjugation  lakes  place  between  cells  belonging  to 
different  unbranched  filaments   (Fig.   54,  p.  32) ;  in  the  Desmidiex 
(Fig.  383,  p.  251)  between  isolated  cells.     [The  resting-spore  resulting 
from  the  conjugation  is  called  a  tygespcre^    The  Dialomaceae  (Badlj 
lariere)  are  nearly  allied  to  the  Desmidieie.     Their  cell-\vall  is  Irans- 
lormed  into  a  siliceous  coaling,  often  showing  markings  of  the  most 
beautiful  delicacy  (Fig.  38,  p.  22,  and 
381,  p.  249)  ;  and  the  two  halves  fit 
into    one    another    like    the     halves 
of  a  pasteboard  box.     They  are  pro- 
pagated by  repeated  bipartition  :  but 
the  diameter  of  the  successive  genera- 
tions  gradually   diminishes   until    at 
length   it  attains  a   minimum.     This 
]>rocess  is  then  interrupted  by  the  form- 
ation of  larger  cells  or  auxospores,  and 
individuals  are  produced  which  reocll 
the  maximum  size  of  the  species,  but 
Fic.  ■^%.-Csmpke»imah)-aliBum.  a  '°  '"''^'"  '^1*'='^  exactly  resemble  their 
soci»!  Diatom,  aiiached  toa  ihread  parent -Cells.      In  these  the  process  of 
of  a  Confer™  (g««ly  magnified).      ,,ipg,,i,i„„   j^  ,hen  again  commenced. 

'  [PrelaciKcus  is  a  genus  of  Unicellular  Mgx  but  imperfectly  known, 
and  generally  referred  to  this  family.  The  species  consist  of  single 
swarmspore-IIke  bodies  with  a  more  or  less  evident  gelatinous  envelope  of 
cellulose,  through  which  protrude  two  vibratile  cilia.  TTiey  move 
actively,  aitd  are  multiplied  by  division  during  the  active  state,  finally 
settling  down  into  a  resting-state.     See  also  p.  261. — Ed.] 


[or  other  Algse]  by  a. 
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They  excrete  a  thin  jelly,  in  which  they  often  live  enclo^  as  colonies 
(Fig,  388}.  They  are  especially  distinguished  by  their  apparently 
voluntary  movements. 

The  Siphoned  consist  of  a  single  sac-like,  often  branched  cell, 
the  free  part  that  does  not  root  in  the  ground  containing  a  parietal 
layer  of  protoplasm  with  abundance  of  grains  of  chlorophyll,  [but  form- 
ing no  nucleus].  They  are  propagated  by  oospores,  swarmspores,  and 
genimse,  as  in  Vauckeria  (Fig.  384,  p.  251).  To  this  class  belong  also 
Bolrydium  (Fig.  8l,  p.  55)  and  Caiilerfa  (Fig.  3S0,  p.  247). 

The  FucACE*  are  large  brown  or  olive-coloured  seaweeds,  often 
many  feet  long  [as  in  Sargassum,  Fig.  3S7.  p.  255],  and  of  a  cartila- 
ginous texture.  They  are  attached 
branched  altachment-disc.  Their 
branches,  which  ate  often  beauti- 
fully dichotomous,  all  lie  in  one 
plane,  or  can  be  reduced  to  one 
without  violence  to  the  plant.  From 
the  dead  plant  cold  fresh  water 
extracts  a  fine  buff  pigment.  They 
very  commonly  form  air-cavittes 
in  the  interior  of  the  tissue  [or 
occasionally  elevated  on  distinct 
stalks,  as  in  the  gulf-weed  (Fig. 
387)].  which  swell  outwards  like 
bladders  and  serve  as  swimming- 
bladders  [as  in  the  common  bladder- 
wrack,  F,icus  visiiulosi,s\  They 
are  propagated  by  oospores  (Fig. 
389).  The  oospheres  are  set  free 
by  the  bursting  of  the  oogonia,  and 
are  fertilised  outside  the  plant  by 
the  antherozoids.  Some  species 
are  moncecious,  bearing  both  kinds 
of  reproductive  organs  [which  are 
contained  in  male  and  female  cen- 
cfploila]  on  the  same  plant ;  others 
are  dicecious,  one  individual  pro- 
ducing antheridia  only,  another  in- 
dividual oogonia  only. 

Nearly  allied  to  the  Fucacece 
are  the  Laminarie*,  which  re- 
semble stalked  leaves  (Fig.   390). 


They  are  reproduced  by  rathet 
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large  swarmspores  provided  with  two  cilia,  which  are  formed  in  in- 
definite numbers  in  special  cells.  No  process  of  impregnation  has  been 
at  present  detected  in  them. 

The  Floride^  are  red  or  violet-coloured  seaweeds,  the  green 
colour  of  their  chlorophyll-grains  being  concealed  by  a  red  pigment 
which  can  be  extracted  by  cold  fresh  water.  They  are  propagated 
[sexually]  by  means  of  oospores  formed  in  capsular  fruit-like  cells,  the 
cystocarps  (see  Fig.  386,  p.  253),  and  [asexually]  by  tetraspores  (Fig. 
382,  p.  251),  produced  in  fours  in  special  cells. 

The  CEDOGONiEiE,  to  which  allusion  has  already  been  made,  differ 
so  greatly  from  other  Algae  in  the  processes  •  which  accompany  their 
reproduction,  that  they  cannot  be  included  in  any  of  the  classes  already 
named,  but  form  a  distinct  one  by  themselves  (see  Fig.  385,  p.  252). 

The  ScHizoMYCETES  form  a  kind  of  supplementary  class  j  a  group 
of  small  organisms  so  near  the  extreme  boundary  of  visibility  that  the 
separate  individuals  appear  only  as  minute  dots  or  rods  even  under  the 
most  powerful  enlargement.  All  these  organisms  are  characterised  by 
the  ease  with  which  they  break  up  into  their  separate  cells  as  soon  as 
they  come  into  contact  with  the  atmosphere,  from  which  circumstance 
they  have  received  their  name.  They  include  the  forms  known  as 
Termo,  Bacterium,  Vibrio,  Spirillum^  Leptothrix,  &c.  (Fig.  391). 
There  are,  however,  apparently  dis- 
tinct genera  and  species  belonging 
to  this  class,  which  exist  on  par- 
ticular nitrogenous  compounds,  and 
which  are  probably  the  cause  of 
different  modes  of  decomposition  of 
their  substratum.  lliey  multiply 
by  transverse  division  into  two  simi- 
lar daughter-cells,  which  either  be-  Fig.  391.— I.  Bxcteria;  II.   Vihriones% 

come  isolated  at  once,   or  remz^in      111*  chain  oi  Leptoihrix;  IV.  gela- 
,  -  .J       ,1      ,.  x.vcio\\.%  coXony  o\  Zooglaea  choUrte  \  V. 

connected  for  a  considerable  time,      sporonema  gracile  (x  1000). 

and  thus  develope  filiform  or  tabular 

colonies  of  cells.  They  usually  grow  in  water,  splitting  up  the  nitro- 
genous compounds  which  are  contained  in  it  into  ammonia  which  sup- 
plies them  with  nutriment,  and  other  substances  which  arise  as  second- 
ary products  of  decomposition.  Such  decompositions  of  nitrogenous 
substances  are  known  as  putrefaction,  and  the  Bacteria  are  the  sole 
causes  of  it,  while  the  moulds  and  infusoria  commonly  found  in  putre- 
fying substances  must  be  considered  only  as  accompaniments  of  putre- 
faction. Solid  nitrogenous  compounds  which  are  insoluble  in  water 
are  rendered  fluid  by  the  agency  of  Bacteria.     Thest  \>q^\^  ^^w-s^^ 

s  2 
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possess  a  power  of  movement  of  various  degrees  of  activity,  consisting 
in  vibrations  and  a  creeping  motion  backwards  and  fon;\'ards  ;  but  the 
causes  and  mechanism  of  these  movements  are  not  yet  certainly  known 
in  any  case.  As  soon  as  the  nitrogenous  substances  in  the  substratum 
are  entirely  consumed,  the  Bacteria  gradually  cease  multiplying,  and 
pass  over  from  their  motile  to  their  stationary  condition,  usually  secret- 
ing at  the  same  time  an  intercellular  substance,  and  congregating  into 
gelatinous  colonies  (Fig.  391,  iv.).  In  this  state,  when  they  are  known 
as  ZooglceUy  they  still  continue  to  grow,  divide,  and,  under  certain  cir- 
cumstances, again  to  become  active.  Those  Bacteria  which  develope 
in  damp  air  on  nitrogenous  nutrient  substances  also  form  gelatinous 
masses  ;  they  usually  produce,  as  secondary  products  of  their  process  of 
assimilation,  red,  violet,  yellow,  green,  and  brown  colouring  substances. 
The  Schizomycetes,  being  all  unicellular,  are  at  present  included  under 
Algae,  among  which  they  show  the  nearest  affinity  to  the  Nostocace^e. 
They  were  at  one  time  placed  among  Fungi,  to  which  they  show  an 
analogy  in  their  mode  of  life,  since  they  live  on  organic  substances, 
obtaining  their  nutriment  from  them  ;  all  fluids,  in  fact,  which  con- 
tain organic  substances  undergoing  decompcsition,  have  particular  forms 
of  the  Schizomycetes,  and  usually  in  large  numbers.  It  is,  neverthe* 
less,  still  an  open  question  whether  these  organisms  belong  to  the 
animal  or  vegetable  kingdom,  or  whether  they  occupy  an  intermediate 
position  between  the  two,  partaking  of  the  characters  of  both,  or  may 
be  erected  into  an  independent  kingdom,  the  Protista  [of  Haeckel],  the 
point  of  departure  of  the  two  others. 

When  water  which  contains  living  Bacteria  is  evaporated,  a  great 
number  of  these  organisms  are  carried  into  the  air,  and  in  particular  the 
most  minute  globular  forms,  the  Microbacteria.  The  germs  of  Bac- 
teria which,  in  consequence,  rise  into  the  air  whenever  putrefying  fluids 
are  evaporated,  are  carried  down  everywhere  by  rain,  are  sucked  in 
with  the  air  in  breathing,  and  hence  become  causes  of  putrefaction  in 
all  nitrogenous  substances  exposed  to  the  air,  since  their  vitality  is  not 
lost  in  the  atmosphere.  Of  this  nature  are  many  and  possibly  all  causes 
of  putrefaction  and  the  propagators  of  contagious  diseases.  These  latter 
are  mostly  immotile  giobular  Bacteria  {Sphai'obacteria),  often  united 
together  into  clusters,  drinking-water  being  usually  considered  the 
medium  of  their  propagation.  The  blood  of  animals  attacked  by  con- 
tagious diseases  generally  contains,  a  considerable  time  before  their 
death,  a  prodigious  number  of  Bacteria—  straight,  rigid,  cylindrical  rods 
which  are  bent  at  an  obtuse  angle  in  one  or  two  places,  extremely 
slender,  and  usually  not  more  than  from  '004  to  'Oiamni.  in  len<nh. 
In  the  intestines,  excrements,  and  vomit  of  cholera-patients  are  found, 


special  Morphology  and  Classification,         261 

at  least  at  the  commencement  of  the  attack  and  possibly  as  its  cause, 
enormous  quantities  of  organisms,  the  identity  of  which  with  Zooglad 
Tej  tno,  or  their  difference  from  it  as  a  separate  organism  under  the 
name  Z.  cholera  (Fig.  391  iv.),  has  not  yet  been  determined.  Under 
the  Schizomycetes  must  also  be  included  Leptothrix  bticcatis  (Fig.  391 
III.),  an  organism  which  always  occurs  in  the  mouth,  especially  in  the 
morning,  but  is  in  general  without  significance  as  a  morbificant. 
It  consists  of  extremely  delicate  transparent  filaments,  which,  neverthe- 
less, appear  to  be  composed  of  separate  cells,  since  they  break  up  into 
sharply  defined  pieces  simply  on  being  touched.  To  this  class  belongs 
also  the  substance  known  as  Monas  prodigiosan  closely  resembling  the 
red  corpuscles  of  the  blood,  which  sometimes  appears  in  prodigious 
quantities  on  bread  and  similar  substances. 

[As  Protococcus  is  one  of  the  types  of  organic  life  to 
which  special  attention  is  called  in  the  new  syllabus  for 
the  science  examinations  at  the  University  of  London,  a 
somewhat  more  detailed  account  may  be  given  of  what  is  at 
present  known  respecting  it.  It  is  found  very  abundantly 
in  the  mud  where  rain-water  collects,  and  in  similar  situations. 
In  its  most  ordinary  form,  each  individual  consists  of  a 
single,  nearly  spheroidal,  cell  from  -003  to  '00001  inch  in 
diameter ;  and  varying  in  colour  from  bright  green  to  bright 
red,  according  to  the  relative  proportion  of  a  green  and  a 
red  colouring  matter  diffused  throughout  the  protoplasm  or 
occurring  in  the  form  of  granules.  In  this  form  it  multiplies 
with  great  rapidity  by  fission,  i.e,  by  simple  cell-division ; 
and  is  also  stated  occasionally  to  increase  by  gemmation 
or  budding.  The  individual  Protococcus  performs  all  the 
functions  of  an  ordinary  vegetable  cell,  respiring,  i,e, 
absorbing  oxygen  and  giving  off  carbon  dioxide  in  the 
dark,  in  consequence  of  the  oxidation  of  its  substance, 
and  probably  also  in  the  daytime,  although  the  process  is 
then  concealed  by  the  opposite  process  of  nutrition,  or  the 
decomposition  of  carbon  uioxide  and  elimination  of  oxygen, 
which  is  effected  by  the  chlorophyll  under  the  influence  of 
sunlight.  The  change  to  the  active  condition  takes  place  in 
the  following  way.     The  protoplasm  withdraw?^  \\Sk^S.  Sxqtky 
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the  cell-wall  at  all  but  two  points,  where  it  protrudes  through 
the  wall  in  the  form  of  long  vibratile  cilia,  by  the  motion  of 
which  it  is  propelled  through  the  water.  The  cilia  are  ex- 
tremely delicate,  and  are  invisible  except  when  moving  very 
slowly,  or  when  artificially  coloured  by  some  reagent,  as 
iodine,  which,  however,  kills  the  plant.  In  this  condition  it 
sometimes  loses  its  cell-wall,  and  swims  about  as  a  naked 
primordial  cell.  Eventually,  however,  it  loses  its  cilia, 
clothes  itself  with  a  coat  of  cellulose,  and  becomes  quiescent 
In  this  state  it  may  retain  its  vitality  when  dried  up,  even 
for  years ;  and  will  then  resume  its  activity  when  again  placed 
in  water. — Ed.] 

Class  II.     Fungi, 

The  elements  of  which  tlie  vegetative  parts  of  Fungi 
that  do  not  subserve  the  process  of  reproduction  consist, 
are  hyphce,  or  filaments  of  cells  destitute  of  chlorophyll, 
which  usually  branch  repeatedly  by  lateral  ramification,  and 
grow  only  at  theii  apices.  In  a  small  group  which  forms  a 
transitional  step  from  Algae  to  Fungi,  the  Phycomycetes, 
the  entire  vegetative  portion  of  the  Fungus  consists  of 
a  single  undivided  cell.  The  next  group  in  the  ascending 
series,  the  Mould-fungi,  consists  only  of  a  single  often  much 
branched  filament  of  cells.  Even  in  the  highest  forms  the 
filaments  either  run  parallel  to  one  another,  or  in  an  irre- 
gularly comphcated  mass,  but  often  forming  structures  of  an 
externally  definite  form  characteristic  of  particular  species. 
Sometimes  the  hypha^  are  compacted  at  particular  parts  into 
a  dense  parenchymatous  structure,  known  as  2i pseudo-paren- 
chyma^ as  in  the  larger  Fungi,  of  which  it  forms  the  main 
mass. 

A  number  of  unicellular  organisms,  such  as,  especially, 
the  Yeast-fungi^  which  form  cloudy  or  slimy  precipitates  or 
pellicles  on  the  surface  of  organic  bodies  in  a  state  of  de- 
composition, are  also  usually  included  in  this  class.  It  is, 
however,  still  doubtful  whether  these  organisms  are  onl}' 
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particular  stages  in  the  development  of  higher  Fungi,  or  are 
independent  forms  of  life  arising  from  specific  germs  of  their 
own  ;  the  beer-yeast,  for  example,  being  a  low  type  of  the 
Ascomycetes.     (For  further  particulars  see  p.  277). 

The  cell- wall  of  Fungi  consists  of  cellulose,  which  how- 
ever is  only  very  rarely  coloured  blue  by  iodine  an5  sul- 
phuric acid,  and  is  therefore  considered  a  special  modifica- 
tion, under  the  name  Fungus-cellulose.  Very  often  the 
outer  layers  of  the  cell- wall  swell  up  and  pass  over  into  a 
gelatinous  or  mucilaginous  condition. 

The  cells  of  Fungi  contain  neither  nucleus,  starch- 
grains,  nor  chlorophyll ;  but  their  characteristic  contents 
are  a  fatty  oil.  Calcium  oxalate  is  very  commonly  found 
on  the  surface  of  the  cells,  very  rarely  in  their  interior. 

The  thallus  of  Fungi  consists  of  two  principal  parts,  the 
mycelium  and  the  receptacle.  The  former  is  developed  at 
once  on  germination,  and  either  consists  of  simple  filaments, 
or  forms  loose  flocculent  masses,  branching  bundles,  pelli- 
cular expansions  (as  Penicillium  when  growing  on  fluids),  or 
finally,  compact  tuberous  masses,  the  *  sclerotia/  as  in  ergot. 
Its  term  of  life  is  longer  or  shorter,  often  several  years,  and 
it  produces  the  receptacles  only  once  or  repeatedly  (i.e.  may 
be  either  monocarpic  or  polycarpic). 

The  receptacle  or  stroma  is,  as  a  rule,  the  most  con- 
spicuous part  of  the  Fungus,  and  is  popularly  regarded  as 
the  whole,  as  in  the  mushrooms.  Fertile  hyphce,  consisting  of 
only  a  single  filament,  usually  erect,  are  distinguished  from 
true  receptacles  of  a  compound  structure. 

In  the  fertile  hyphae  the  terminal  cells  of  the  principal 
filament  and  its  ramifications  become  the  mother  cells  of 
the  reproductive  cells  or  spores,  their  growth  as  a  rule  then 
ceasing.  A  fresh  growth  of  the  lower  portion,  however, . 
frequently  begins  after  the  ripening  of  the  first  spores,  which 
soon  again  terminates  with  a  new  formation  of  reproductive 
organs,  the  process  being  sometimes  again  repeated  after  a 
time. 
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The  receptacle  varies  greatly  in  its  external  form  ;  but 
the  production  of  spores  is  almost  always  limited  to  a  par- 
ticular part,  the  hymmtum.  Thus,  for  example,  in  the 
mushroom- shaped  Fungi  (Agaricini)  the  spores  are  formed 
only  on  delicate  plates  on  the  under  side  of  the  pilms. 
In  many  cases  the  receptacle  is  naked  ;  in  others  the  lower 
side  of  the  pileus  is  covered  with  a  membrane  which  is 
ruptured  when  near  maturity  (Fig.  392)  {vdum  partiale  or 


Fig,  391.— Miishi 


annuliis) ;  or  often  the  pileus  and  stalk  are  both  enveloped 
in  such  a  membrane  {velum  universale),  or  occasionally  both 
are  present  (Fig.  393  i).  In  the  Phalloideas  and  Tnberacese, 
as  Bovisia  and  Tuber,  the  hymenium,  to  which  the  term 
gleba  is  also  given  in  these  cases,  is  distributed  into 
chambers,  and  is  found  in  simple  or  double  sacs  or  recep- 
tacles, the  paidia  (Fig.  394),  enclosed  on  all  sides.  The 
Pyrenomycetes,  finally,  have  small  flask-shaped  receptacles. 
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Lhnjiigh  the  hymenium  of  another  BpccicA  :  a  yacudo^uKnu^vjQ^^  b^-^m^^vwa' 
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the  concsptacla  or  peritheda,  usually  opening  outwards  by 
a  small  orifice,  the  simple  internal  cavity  of  which  is  almost 
completely  filled  up  by  the  soft  hymenium  {Fig.  395). 

The  reproductive  ceils  are  either  the  result  of  a  process 


of  impregnation  or  not  in  the  latter  case  they  are  called 
simple  sports  and  their  mother-cells  sporangia  ;  in  the 
former  case  different  names  are 
given  lo  them  according  to  their 
mode  of  formation. 

Reproduction  by  spores  is  by 
tar  the  most  common  mode  among 
Fungi  The  spores,  however,  vary 
greatly  in  their  form  and  mode  of 
formation ;  in  some  species  two, 
three  or  even  four  forms  have  been 
observed,  forming  a  single  cycle  of 
*■  G  395  —  A«/™  I'M  rata  development.  Their  mode  of  forra- 
theci^fTT^poi^  ^s  or  SSu  ation  IS  of  three  principal  diSerent 
Ob™,  ,50).  kinds  •.- 


^J 
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1.  By  Division ;  i,e,  by  the  contents  of  a  sporangium 
breaking  up  entirely  into  spores  (in  the  Mucorini,  Fig.  396), 
or  being  transformed  by  segmenta-  ^• 
tion  into  a  sporidesmium  (Fig.  397). 

2.  On  hasidia ;  i,e.  on  the  apex 
(Fig.  398  I.,   II.),  or  on  the   more 
filiform   or  pointed    protuberances, 
sterigmata  (Fig.  398  iii.)  of  special 
cells.     Such  spores  are  called  hasi- 
diospores,      acrospores,      or        ir. 
exospores'y    and   they   may 
either  be   formed  simulta- 
neously or  may  become  de- 
tached successively.      The 
former  mode  occurs  in  the 
Agaricini     (Fig.     393    ir., 
p.     265) ;    the     latter    in 
Penicillium  (Fig.    i,  p.   7). 
Those     that   become    de- 
tached in  succession,  or  abstricted,  usually  form  threads, 
the  younger  spores  placed  on  the  apex  of  older  ones,  and 

III. 


Fig.  396. — Ascophora  Mucedo'.  I.  an  entire 
plant  with  six  sporangia  in  different  stages 
of  development  (strongly  magnified);  II. 
single  sporangium  with  spores  ^  (x  200). 


I. 


II. 


Fig. 397.— Compound  Fig.  398.— I.  c  Basidiospores  of  an  Agaric;  a  cells  of  the 

spore          {sporides-  hymenium  ;    b  basidium  (x  300):    II.  ^  laasidiospores  of 

miuvi)  of  Sphtxria  Geaster  hygrovietricns  ;  m  mycelial  filament ;  b  basidium 

Scirpi     (after     De  (after  De  Bary ;  x  390)  ;  1 1 1.  «  three  basidia  or  sterigmata 

Bary  ;  x  390).  of  Exidia  spiculosa  ;  b  basidiospore  (strongly  magnified). 

the  oldest  on  the  basidium.     In  a.  few  cases,  as  Cysto^v^^ 
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and  Peronospora,  sporangia  are  formed  instead  of  spores 
on  the  basidia.  Spores  which  become  abstricted  in  this 
way  from  the  apex  of  filaments  have  been  termed  eonidia ; 
if  ibnned  in  special  receptacles  or  pycnidta,  they  are  stylo- 
spores. 

3.  In  asci  or  tneca  (Fig.  399).    The  spores,  here  called 
ascospores,   tkecasperes,   or   eiidospores,  are  usually  farmed 


id  pAT^physfi 


Snhed). 


simuitaiieously  in  definite  number  (in  most  species  eight), 
in  the  interior  of  a  sac-like  cell,  the  Ascus  or  Theca,  which 
they  do  not  entirely  fill  up.  The  asci  are  usually  surrounded 
by  paraphyses,  i.e.  unbranched  unicellular  or  multicellular 
hairs  which  are  formed  beside  them,  usually  in  large  numbers 
and  running  in  the  same  direction.  Special  receptacles  in 
which  asci  are  fvimied  are  called  periihecia  (Fig.  395,  p.  266). 
The  further  behaviour  of  the  spores  also  exhibits  a 
variety  of  differences.  The  Swarmspores  or  Zoospores 
break  through  the  wall  of  the  cell  in  which  they  are 
formed  and  which  is  called  a  zoosporaiigium ;  and  then 
swim  about  for  some  hours  or  even  days,  as  if  endowed  with 
voluntary  power  of  motion,  by  means  of  their  vibratile  cilia ; 
after  which  they  become  fixed  and  develope  into  new  plants 
(Figs.  400,  401).  The  greater  number  of  spores,  however, 
are  not  endowed  with  motion  of  this  kind.     In  some  in- 
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stances  they  germinate  immediately  after  attaining  maturity, 
in  other  cases  where  they  have  thicker  coats,  only  after  a 


Fig.  400. — Swarm- 
spores  of  Perofto- 
spora  in/estans. 
(x  390.) 


II. 


III. 


IV. 


^^^^ 


■7h. 


y^ 


Fig.  401. — I.  Fly  which  has  putrefied  in  water  and  become  surrounded  by  the  fila- 
ments of  Saprolfgfiia  ferax  (natural  size) ;  II.  end  of  one  of  these  filaments 
(greatly  magnified)  ;  1 11.^  protopla.sm  of  the  end  of  the  filament  collecting  into 
globular  masses  :  IV.  biciliate  swarmspores  produced  from  the  protoplasm  escap- 
mg  from  the  cell  (x  300). 


definite  longer  time,  so  that  they  appear  especially  adapted 
for  hibernation,  and  are  termed  resting-spores  or  teleuto- 
spores.  Differences  also  exist  in  the  mode  of  germination, 
many  spores  developing  at  once  into  a  new  plant,  while 
others  first  produce  spores  of  a  second  order  or  sporidia, 
which  then  put  out  sacs  ox  pro-mycelia  (Fig.  407,  p.  273), 
and  these  then  either  repeat  the  same  process  or  develope 
into  perfect  plants.  To  this  class  belongs  the  so-called 
Budding  of   yeast,   i.e,  a  continual  foniiaUo\x  ol  ^^^orcv^sNa. 
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under  special  circumstances  {Fg4)  R  nbngh  s 
the  mode  of  reproduction  by  gemma  Sp  f  nen  of 
the  Fungus  break  up  by  repeat  d  ran  rse  d  on  m  o  a 
row  of  cells  capable  of  germinati  n  wh  h  h  n  p  opaga  e 
I  he  parent  organism  by  mul 
plication  in  the  ordinary  manne 

In  only  comparatively  few 
cases  is  a  sexual  reproduction  by 
oosports  (embryos)  known  among 
Fungi,  resulting   from  the  rec 


procal  influence  on  one  anoth      o     wo  d  £f     n 

kinds.  In  <he  SaprolegnieK  (F  g  4  3  nd  P  ono  po  s 
the  female  cells  or  oogonia  are  sphe  ca  u  o  p  o  pla  n 
and  usually  terminal.    Their  p       p     n  no  one 

or  more  globular  masses,  the  00 pher  wh  h  ha  e  a  firs 
a  smooth  surface,  but  no  cell-w  D  nng  h  o  m  on 
of  the  oogonium  slender  branches  from  its  pedicel  or  from 
neighbouring  filaments  grow  out  towards  it.  The  upper  end 
of  one  or  more  of  these  branches  becomes  firmly  adherent 
to  the  oogonium,  no  longer  grows,  swells  up  somewhat,  and 
becomes  separated  by  a  septum  into  an  independent  cell, 
the  fertilising  antheridium.  As  soon  as  both  the  oogonium 
and  antheridium  have  attained  their  full  size,  and  the  00- 
sphere  is  at  least  in  process  of  formation,  the  antheridium 
puts  out  one  or  more  beak-like  protuberances,  the  Jerti- 
lising  tubes,  which  pierce  the  wall  of  the  oogonium.     In  the 
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SaprolegnicEe  these  tubes  give  way  at  the  end,  and  inject 
their  contents — minute  motile  bodies  scarcely  '002  mm.  in 
size,  the  antherozoids — into  the  oc^onium.  In  the  Perono- 
sporesE,  on  the  contrary,  the  fertilising  tubes  do  not  burst,  but 
only  touch  with  their  apex  the  oospheres,  which  then  become 
covered  with  a  cell-wall  of  cellulose,  and  develope  into  the 
unicellular  oospores.  Closely  allied  to  this  is  the  mode  of 
fertilisation  in  the  genus  Srysiphc.  The  antheridium  does 
not  here  put  out  any  fertilising  tubes,  but  only  becomes  closely 
adpressed  to  the  oogonium  ;  this  latter  does  not  produce  a 
simple  oospore,  but  developes  into  a  pa-ithecium  which  is 
rnulticellular  and  contains  the  spore-forming  sacs.  The 
process  of  Conjugation  in  some  Mucorini  must  also  be  men-' 
tioned.  An  instance  of  this  occurs  in  Rhizopus  nigricans, 
in  which,  when  two  filaments  come  into  contact,  each  puts 
out,  in  the  direction  of  the  other,  a  cylindrical  protuberance 
resembling  the  filament  itself  (Fig.  404).    These  two  pro- 


tuberances become  closely  adpressed  to  one  another  by 
their  ends,  and  grow  into  a  club-shaped  body,  in  which  a 
quantity  of  protoplasm  collects.  When  both  have  attained 
a  certain  size,  a  single  cell,  the  conjugating  cell  {c),  becomes 
separated  at  the  upper  end  of  each,  the  partition-wall  be- 
tween the  two  soon  disappears,  and  they  unite  into  a  repro- 
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ductive  cell,  the  zygospore.  This  continues  to  grow,  and  al 
length  attains  a  diameter  of  more  than  02  mm.  To  this 
class  belong  also  the  spermatia  of  the  Ascomycetes  .(Fig. 
405),  Uredineae,  and  some  other  Fungi,  which  are  believed, 

\ 


(meolly  magnified). 


Pctiza  sur-       Fic.  ^.—Pi 
ftom   which  ceils  of  Iheli 

:      detaclied  vntgaris) ; 


and  probably  not  without  reason,  to  contain  sexual  elements. 
They  are  small,  usually  narrow,  rod-like  bodies  which  are 
abstricted  singly  or  in  rows  (as  in  the  Uredinese)  from  the 
apex  of  narrow  filaments  (stcrigmata  or  basidia).  They  are 
almost  always  formed  in  large  numbers,  and  often  in  special 
receptacles,  the  spermogonia  (Fig.  406). 

it  has  long  been  known  that  certain  forms  of  Fungi  are 
always  produced  in  a  definite  order  of  succession  with  re- 
spect to  one  another ;  but  Tulasne  was  the  first  to  show,  in 
1851,  that  one  and  the  same  species  may  have  organs  of 
reproduction  of  several  different  kinds,  and  that  the  phe- 
nomenon referred  to  has  the  most  intimate  connection  with 
their  course  of  development  Still  more  recent  investigations 
have  shown  that  many  Fungi,  in  addition  to  t\a&  I'olymorpky 
of  the  reproductive  organs,  exhibit  also,  in  the  course  o) 
their  development,  a  regular  AlterJialion  of  Generations  ;  so 
that  many  genera  which  had  previously  been  considered  dis- 
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tinct  on  the  ground  of  the  nature  of  their  spores,  must  now 
be  regarded  as  different  forms  of  the  same  plant.  Thus,  for 
example,  the  mycelium  of  the  Peronosporeae  produces  first 
conidia  and  afterwards  09spheres.  From  the  germination  of 
the  zygospore  of  Rhizopus  nigricans  a  germinating  filament 
arises,  which  developes  directly  into  a  number  of  sporangio- 
phores ;  when  its  spores  (conidia)  germinate  on  a  suitable 
substratum,  a  mycelium  is  produced  on  which  arise  first 
zygospores,  and  subsequently  sporangiophores  around  these. 
From  the  myceliuni  of  Mucor  Mucedo  are  developed  first  of 
all  vigorous  receptacles  with  terminal  sporangia ;  the  same 
mycelium  frequently  puts  up  at  a  later  period  receptacles 
with  a  great  number  of  small  sporangia,  sometimes  called 
sporangioles^  which  contain  only  two  or  a  small  number  of 
spores  ;  and  this  form  is  described  by  some  under  the  names 
Thamnidium  elegans  and  Ascophora  elegans. 
According  to  some  authorities  again,  beer- 
yeast,  Saccharomyces  (Tonila)  Cerevisice^  is 
developed  in  wort  from  the  spores  of  the  same 
Mucor \  while  others,  with  greater  probability, 
regard  it  as  an  independent  prganism. 

The  most  familiar  instance  of  this  alter- 
nation of  generations  occurs  in  some  Ure- 
dinese,  as  in  the  common  *rust'  of  com, 
Puccinia  graminis.  The  resting- spores  of 
this  Fungus  produce  on  germination  a  pro- 
mycelium  which  bears  three  or  four  sporidia 
(Fig.  407) ;  these  produce  first  spermogonia 
(Fig.  406),  then  cup-shaped  organs  which 
were  at  one  time   described  as  a  distinct  ^'*^-  4p7;--/'w«Vm 

graviDiis  ;     a    ger- 

species  under  the  name  Vadium.     The  ceci-    ininatJng     teieuto- 

,'     j_  r  J     •  1  .  .  ^P^*"^    ^"^    a    pro- 

atospores  lormea  m  these  organs  give  rise    mycelium       from 

.  .•  i^  1      .      .  \i-i  •         which  sporidia /^  are 

to  restmg-spores  {feleutospores)^  which  agam    being  detached  (x 
either  originate  the  whole  series  afresh,   or    ''^°^' 
produce  the  uredospores,  out  of  which  nothing  but  fresh  uredo- 
spores  arise.   The  form  of  the  Uredineae  which  prodvic^^Nkv^ 

T 
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uredospores  was  also  formerly  regarded  as  a  distinct  genus 
under  the  name  Uredo. 

In  the  Pyrenomycetes  there  are  four  kinds  of  reproduc- 
tive organs,  which  are,  as  a  rule,  produced  at  different  times 
on  the  same  mycelium  or  receptacle.  These  Fungi  usually 
first  produce  conidia,  then  spermatia  enclosed  in  spermo- 
gonia,  then  stylospores  within  pycnidia,  and  finally  asco- 
spores  in  perithecia.  Any  of  these  members  of  the  series 
may,  however,  be  wanting,  except  the  perithecia. 

All  Fungi — since  they  do  not  form  chlorophyll—  require 
for  their  nourishment  the  previous  formation  of  an  organic 
substance ;  they  do  not  possess  the  capacity  of  assimilating 
food-materials,  />.  of  transforming  them  into  substances 
which  will  directly  support  their  life.  Many  are  therefore 
Saprophytes,  growing  on  dead  organic  substances  in  a  state 
of  decomposition  ;  others  are  Parasites,  growing  on  living 
animals  or  plants.  Many  Fungi  are  Endophytesy  living  in 
other  organisms  ;  only  a  few  Epiphytes,  living  upon  them. 

Many  Fungi  go  through  their  whole  cycle  of  develop- 
ment on  the  same  substratum  ;  in  others  the  alternation  of 
generations  already  described  is  connected  with  a  change  of 
the  *  host '  on  or  in  which  they  live.  Thus,  the  resting  spores 
of  Puccinia  hibernate  on  the  haulms  of  grasses  ;  while  the 
germinating  filaments  developed  by  the  sporic^ia  which  are 
produced  from  them  in  the  spring  never  germinate  on  grass, 
but  penetrate  into  the  epidermal  cells  of  the  leaves  of  the 
barberry,  and  rapidly  develope  there  into  the  Fungus  pre- 
viously known  as  JE,cidium  Berberidis,  The  spores  of  this 
form,  again,  when  they  enter  the  stomata  in  the  leaves  of  suit- 
able grasses,  produce  in  t  em,  and  in  them  only,  the  my- 
celium of  the  Puccinia,  which  bears  uredospores  and  resting- 
spores. 

The  parasitic  Fungi  disturb  the  normal  development  of 
their  host,  and  cause  contagious  and  not  unfrequently  fatal 
diseases.  Thus  the  mildew  of  young  vines  is  due  to  a  para- 
sitic Fungus,  Oidium  albicans.     The  Fungus  attaches  itself 
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to  the  orifice  of  a  stoma,  and  quickly  multiplies  there,  form- 
ing a  white  mould  which  is  the  cause  of  a  great  variety  of 
unhealthy  conditions. 

The  disease  caused  by  Achorion  Schanleinii^  called 
*  Favus,'  usually  attacks  the  part  of  the  head  of  man  which 
is  covered  with  hair,  and  produces  there  the  characteristic 
straw-coloured  crab's -eye-shaped  incrustations  ;  and  since  its 
spores  grow  into  the  hair,  this  obstinate  disease  ends  in 
complete  and  permanent  loss  of  hair.  The  phenomena  are 
similar  of  Herpes  tondens  or  tonsurans^  which  also  attacks 
the  hairy  part  of  the  head.  The  spores  of  Trichophyton  tonsu- 
rans penetrate  in  enormous  numbers  into  the  hairs,  make 
them  brittle,  and  cause  them  to  break  off  at  the  skin.  All 
these  diseases,  as  well  as  others  which  might  be  added,  are 
contagious.  Of  the  Fungi  which  inhabit  the  bodies  of 
living  animals,  and  with  the  development  of  which  par- 
ticular diseases  and  modes  of  death  of  animals  are  con- 
nected, a  number  of  different  fonns  and  species  are  known. 
It  will  be  sufficient  to  state  that  Herpes  tondens  may  be  con- 
veyed from  men  to  animals,  and  vice  versa ;  and  that 
another  Fungus,  Botrytis  bassiana^  is  the  cause  of  the  mus- 
cardine-disease  which  is  so  destructive  to  silkworms.  The 
diseases  of  plants  caused  by  Fungi  have  already  been 
alluded  to. 

Saprogenous  Fungi  allied  to  the  Schizomycetes  are  the 
cause  of  the  phenomena  of  fermentation,  decay,  and  putre- 
faction. These  processes  of  decomposition  vary  according 
to  the  organism  which  occasions  them,  even  in  the  same 
substratum,  many  and  perhaps  all  species  of  Fungi  giving 
rise  to  a  special  decomposition  of  their  own.  As  little 
allusion  as  possible  will  here  be  made  to  the  confusion 
and  uncertainty  recently  imported  into  these  practically 
important  questions.  Even  the  most  easily  decomposable 
organic  substances,  such  as  albumen,  blood,  and  milk,  only 
decompose  very  slowly  when  protected  from  the  access  of 

T  2 
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Fungus- spores ;  and  may,  under  these  conditions,  remain 
fresh  even  for  some  years.  As  soon,  however,  as  access  of 
these  organisms  is  rendered  possible,  a  rapid  and  active 
decomposition  immediately  sets  in.  With  free  access  of  air, 
decay,  i,e,  an  active  oxidation,  takes  place,  the  products 
being  water,  carbon  dioxide,  and  simpler  organic  compounds. 
When  the  access  of  air  is  less  complete  the  mode  of  decom- 
position is  different,  and  less  simple  substances,  usually  of 
an  offensive  odour,  are  formed  under  the  influence  of  Bac- 
teria ;  and  the  process  is  called  putrefaction.  Another  set 
of  processes  of  decomposition  allied  to  these  are  called  by 
the  special  name  of  Fermentation  ;  such  are  the  formation  of 
alcohol  from  saccharine  solutions,  as  also  the  lactic,  butyric, 
acetic,  and  mucilaginous  fermentations.  The  greater  part 
of  the  substance  infested  by  the  organisms  which  incite  fer- 
mentation breaks  up  in  the  process  into  simpler  compounds, 
the  organisms  themselves  taking  up  only  comparatively 
very  small  quantities  of  nutriment  When  the  organisms 
which  cause  decomposition  find  the  oxygen  needful  for  their 
growth  free,  they  absorb  it  eagerly,  and  multiply  rapidly ; 
but  when,  on  the  other  hand,  they  have  no  access  to  free 
oxygen,  they  withdraw  it  from  its  combinations  ;  and  this 
gives  an  impetus  to  further  decomposition.  If,  for  example, 
*  mother  of  vinegar,'  Mycoderma  aceti^  the  cause  of  acetic 
fermentation,  is  grown  on  the  surface  of  an  alcoholic  fluid 
adapted  for  its  nourishment,  the  alcohol  is  converted  into 
acetic  acid  during  the  multiplication  of  the  Mycoderma  \ 
and  it  has  been  discovered  that  this  process  is  dependent 
on  the  absorption  of  oxygen  by  the  Fungus  out  of  the  at- 
mosphere, and  its  transmission  to  the  alcohol.  When  the 
growth  of  the  Fungus  has  once  been  induced,  the  Myoh 
derma  continues  to  convert  fresh  portions  of  the  alcohol 
into  acetic  acid.  Hence,  because  all  acetic  fermentation  is 
accompanied  or  caused  by  the  propagation  of  the  Myco- 
derma acett,  the  manufacture  of  vinegar  may  be  improved  by 
its  cultivation  in  a  scientific  manner.    WTien  the  Mycoderma 
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propagates  itself  on  vinegar,  it  decomposes  it  into  carbon 
dioxide  and  water. 

\Torula  or  Saccharomyces  Cerevisice  being  one  of  the 
types  of  vegetable  life  to  which  special  attention  is  called  in 
the  syllabus  of  the  University  of  London,  the  following  is 
given  as  an  epitome  of  our  present  state  of  knowledge  con- 
cerning it,  according  to  Professor  Huxley.  Teast  is  the 
brownish  fluid  which  possesses  the  property  of  causing  in  any 
solution  which  contains  sugar  the  change  known  as  Fermenta- 
tion^ that  is,  the  conversion  of  the  sugar  into  alcohol,  which 
remains  in  the  fluid,  and  carbon  dioxide  (carbonic  acid  gas), 
which  is  given  off  in  the  form  of  bubbles.  Yeast,  when 
evaporated  at  a  low  temperature,  is  reduced  to  a  powdery 
mass  which  retains  for  a  considerable  period  its  property  of 
fermenting  saccharine  fluids.  Fermentation  is  prevented  by 
boiling  either  the  yeast  or  the  saccharine  fluid,  or  by  pre- 
viously straining  the  yeast  through  a  very  fine  filter,  such  as 
porous  earthenware  ;  nor  does  any  change  take  place  if, 
after  boiling  the  fluid,  it  is  allowed  to  come  into  contact 
only  with  air  which  has  been  passed  through  cotton-wool. 
Hence  it  is  concluded  that  the  fermentation  is  caused  by  a 
solid  substance  contained  in  the  yeast,  which  cannot  pass 
through  the  earthenware  or  cotton-wool ;  and  if  yeast  is 
examined  under  a  low  magnifying  power,  it  is  found  to  con- 
tain a  number  of  nearly  spherical  transparent  granules, 
averaging  about  '0003  of  an  inch  in  diameter,  each  of  which 
is  a  Torula,  Each  individual  is  an  ordinary  vegetable  cell, 
usually  containing  a  vacuole,  but  never  a  nucleus  ;  and  the 
cells  are  either  solitary  or  associated  in  heaps  or  strings.  On 
analysis  it  is  found  to  consist  of  carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur,  phosphorus,  potassium,  magnesium,  and 
calcium ;  the  last  four  in  very  small  quantities.  Its  chief 
proximate  constituents  are  (i)a  protein-compound  analo- 
gous to  casein  ;  (2)  cellulose  ;  (3)  fat  or  oil ;  (4)  water  ;  the 
larger  part  of  the  mineral  substances  being  contained  in  the 
protoplasm.     The  Torula  is  the  sole  cause  of  fermentation 
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in  the  sugar,  and  is  believed  to  be  always  present  in  the  air 
in  the  form  of  invisible  dust.  If  a  small  quantity  of  yeast  is 
added  to  a  large  quantity  of  a  clear  saccharine  fluid,  and 
the  fluid  kept  warm,  it  will  gradually  become  more  and  more 
turbid,  and  a  scum  of  yeast  will  collect,  containing  a  pro- 
digious quantity  of  Tonda-ct^%,  The  ordinary  mode  of  re- 
production'is  by  what  is  termed  biulding  {Y\g,  402,  p.  270), 
each  cell  giving  rise  to  minute  buds,  which  grow  rapidly, 
attain  the  size  of  the  parent-cell,  and  eventually  become 
detached,  but  not  generally  until  they  have  themselves  de- 
veloped a  second  generation  of  buds.  They  very  commonly 
adhere  together  in  the  form  of  heaps  or  strings.  A  second, 
but  rarer,  mode  of  multiplication  is  by  endogenous  division, 
the  protoplasm  of  a  cell  dividing  into  usuajly  four  masses, 
each  of  which  surrounds  itself  by  a  cell-wall ;  and  the 
daughter-cells  are  eventually  set  free  by  the  dissolution  of 
the  wall  of  the  parent-cell.  This  is  a  form  of  free  cell- 
formation  (see  p.  33).  In  order  to  show  that  the  substances 
of  which  the  Torida  consists,  protein,  cellulose,  and  fat  (oil), 
were  not  present  in  the  nutrient  fluid,  but  have  been  manu- 
factured by  the  yeast-fungus  out  of  it,  it  is  best  to  take  a 
nutrient  fluid  of  definite  chemical  composition,  a  convenient 
one  being  that  known  as  *  Pasteur^s  solution.*  *  The  power 
of  constructing  protein  out  of  such  a  substance  as  ammonium 
tartrate,  and  the  investment  of  the  protoplasm  by  a  con- 
tinuous coat  of  cellulose,  are  the  chief  properties  which 
determine  the  Torula  to  be  a  vegetable.  It  allies  itself  to 
Fungi  in  containing  neither  starch  nor  chlorophyll,  and  hav- 
ing consequently  no  power  of  decomposing  carbon  dioxide. 
In  the  process  of  fermentation  nearly  the  whole  of  the  sugar 
is  converted  into  an  equal  weight  of  alcohol  and  carbon 
dioxide ;  but  a  small  quantity  of  glycerin  and  succinic  acid 


^  Potassium  phosphate,  2  parts  ;  calcium  phosphate,  2  parts  ;  mag- 
nesium sulphate,  2  parts ;  ammonium  tartrate,  100  parts  ;  cane  sugar, 
1,500  parts  ;  water,  8,394  parts. 
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are  also  produced  ;  and  one  or  two  per  cent,  is  not  yet  ac- 
counted for,  but  may  perhaps  be  assimilated  by  the  Torula. 
It  will  grow  and  multiply  actively  in  a  solution  in  which 
sugar  and  ammonium  nitrate  replace  the  ammonium  tartrate; 
and  in  this  case  the  carbon  must  be  obtained  from  the  sugar. 
Although  oxygen  is  essential  to  its  life,  it  will  live  in  sac- 
charine solutions  which  .contain  no  free  oxygen,  appearing, 
under  these  circumstances,  to  get  its  oxygen  also  from  the 
sugar.  It  will  also  flourish  in  solutions  in  which  the  am- 
monium tartrate  is  replaced  by  sugar  and  pepsin,  in  which 
case  the  nitrogen  of  the  protein-compounds  must  be  derived 
from  the  pepsin. 

Penicillium  and  Mucor  may  be  regarded  as  types  of  two 
different  classes  of  the  filamentous  Fungi.  In  the  former, 
the  whole  Fungus,  both  the  concealed  part  or  mycelium^ 
and  that  portion  which  is  exposed  to  the  atmosphere,  the 
aerial  hyphcB,  consist  of  cells  which  agree  in  every  essential 
point  (except  the  absence  of  a  nucleus)  with  the  typical  cell, 
varying  only  in  size  and  form.  The  only  reproductive  bodies 
are  conidia,  that  is,  ordinary  cells  of  a  spherical  form  pro- 
duced at  the  ends  of  the  aerial  hyphae,  and  detached  in  suc- 
cession. They  are  true  spores  (see  p.  178).  They  have 
the  same  property  as  the  single  Torula-Q,^%  of  retaining 
their  vitality  for  a  long  period  when  dried  ;  and,  from  their 
extreme  lightness,  are  in  this  form  disseminated  with  the 
greatest  facility  through  the  air.  On  reaching  a  nutrient 
substratum  they  germinate.  A  bulging  makes  its  appearance 
at  one  or  more  points  of  the  cell-wall,  and  the  cell  rapidly 
lengthens  in  one  or  more  directions,  and  becomes  a  radiat- 
ing and  branched,  but  still  unicellular,  hypha.  Subsequently 
the  protoplasm  divides  transversely,  septa  of  cellulose  are 
formed,  and  the  hypha  becomes  multicellular.  It  is  a  uni- 
versal characteristic  of  all  Fungi  that  the  hyphae  divide 
transversely  only,  never  longitudinally  ;  they  never  anasto- 
mose, though  they  may  become  interlaced  into  a  dense  weft. 
Some  branches  of  the  hyphae  extend  downwards*,  ^^xtwsx\% 
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the  mycelium,  while  others  direct  themselves  upwards,  and 
constitute  the  aerial  hyphae,  which  break  up  into  conidia. 

In  Mucor  the  spores,  instead  of  being  naked  exposed 
cells,  are  produced  within  special  bodies  known  as  sporangia 
or  asci,  roundish  heads  borne  at  the  extremity  of  filaments 
which  rise  vertically  into  the  air  from  the  hyphae.  The  wall 
of  the  sporangium  is  rough  from  minute  particles  of  calcium 
oxalate.  The  sporangium  is  easily  ruptured,  dispersing  the 
spores ;  the  greater  part  of  its  wall  then  disappears,  but  a 
small  collar  frequently  adheres  to  the  filament  The  cavity 
of  the  filament  does  not  communicate  with  that  of  the 
sporangium,  but  is  separated  from  it  by  a  partition  which 
bulges  into  the  cavity  of  the  sporangium,  forming  a  central 
pillar  or  projection,  and  termed  tht  columella.  The  germina- 
tion of  the  spores  resembles  in  all  essential  points  that  of 
Penicillium,  the  organism  remaining  for  a  time  truly  uni- 
cellular. The  sporangiophores,  or  filaments  which  bear  the 
sporangia,  are  given  off  vertically  ;  the  free  end  dilates  into 
a  rounded  head  which  developes  into  the  sporangium,  and  is 
separated  by  a  septum  which  constitutes  the  columella. 
The  protoplasm  in  the  sporangium  becomes  gradually  sepa- 
rated into  a  number  of  masses  by  free  cell-formation,  each  of 
which  secretes  a  cellulose  coat,  and  becomes  an  ascospore. 
Mucor  is  also  propagated  sexually  by  conjugation,  i.e.  by 
the  production  of  zygospores  in  the  manner  already  described 
(p.  271).  The  cell-wall  of  the  zygospore  becomes  separated 
into  two  layers,  an  outer  one  of  a  darker  hue,  the  exospore^ 
and  an  inner  colourless  layer,  the  endospore.  The  germina- 
tion of  the  zygospore,  which  takes  place  only  after  a  period 
of  rest,  resembles  that  of  an  ordinary  spore. — Ed.] 

The  classification  of  Fungi  is  still  in  process  of  continual  change 
and  improvement.     The  following  is  that  adopted  by  De  Bary  : — 

I.  PHYCOMYCETES. 

a.  SaprolegniecB.     b.  Peronosporecs.     c.  Miuorini. 

The  vegetative  part  of  the  Fungus  which  does  not  subserve  the  pro- 
cess of  reproduction  consists,  in  many  forms  altogether,  in  others  at 
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least  during  the  early  period  of  growth,  only  of  a  single  tubular  cell. 
They  therefore  present  a  point  of  transition  to  the  Algae  through  the 
Vaucherieae.  The  Saprolegniece  (Figs.  401,  403)  usually  grow  on  the 
bodies  of  insects  putrefying  in  water,  and  cover  them  completely  with 
radiating  tufts.  An  alternation  of  generations  takes  place  in  them 
between  individuals  which  produce  swarmspores  and  oospheres.  The 
PeronosporecB  live  within  the  tissue  of  Phanerogams,  the  branches  of  the 
mycelium  penetrating  between  the  cells,  and  drawing  their  nutriment 
from  them  by  means  of  special  organs,  the  haustoria.  The  mycelium 
produces  first  receptacles  from  which  conidia  are  abstricted,  and  these 
always  project  above  the  surface  of  the  host, — in  Peronospora  through 
the  stomata.  These  conidia  are  not  usually  immediately  capable  of  germi- 
nation, but  only  in  contact  with  water,  as  drops  of  dew  and  rain,  develope 
a  few  swarmspores  (Fig.  400),  which  attach  themselves  to  the  surface  of 
a  plant,  and  put  out  germinating  filaments  which  penetrate  into  it ; 
and  the  cycle  of  development  then  begins  afresh.  Under  favourable 
circumstances  oogonia  and  antheridia  are  produced  at  the  extremities 
of  the  mycelial  threads,  but  only  in  the  interior  of  the  plant.  The 
oospores  either  form  swarmspores  or  germinate  directly.  Peronospora 
infestans  is  the  cause  of  the  potato -disease.  The  Mucorini  are  pro- 
pagated by  conidia  and  spores  formed  in  sporangia  (ascospores)  as  well 
as  by  zygospores.  Their  root-like  branches  afterwards  become  multi- 
cellular by  the  formation  of  septa.  The  common  green  and  brown 
moulds,  Mucor  Mucedo  and  Penicillium  glattcum  or  crustaceum  belong 
to  this  family  (Figs.  I,  p.  7,  and  396,  p.  267).  Luxuriant  conidio- 
phores  of  these  Fungi  sometimes  unite  into  a  leaf-like  arborescence, 
known  as  Coremium.  The  term  *  mould  *  is  not  one  of  scientific 
exactness  ;  in  popular  language  the  name  is  applied  to  flocculent  and 
filamentous  structures  which  form  on  decomposing  organic  bodies. 


II.  HYPODERMIiE. 
a.   Uredinece.     b.   Ustilaginece, 

These  Fungi  live  in  cellular  tissue,  usually  beneath  the  epidermis 
of  flowering  plants.  They  all  fcrm  resting-spores,  from  which,  under 
favourable  circumstances,  acidia  and  sperniogonia  are  developed  in 
the  UrgdinecBy  but  not  in  the  Ustilaginece.  To  this  class  belong  Ustilago 
carbOf  the  *  smut '  of  cereal  crops,  and  Puccinia  graminis  or  *  mildew  * 
(Figs.  406,  407,  pp.  272-3). 
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III.  BASIDIOMYCETES. 
a.    Tremellini.     b.  Hynienomycetes,     c.   Gasteromycetes, 

There  is  still  much  to  learn  with  regard  to  the  cycle  of  development 
of  the  Basidiomycetes  ;  and  no  alternation  of  generations  has  yet  been 
established  in  them.  The  Tremellini  are  distinguished  by  their  jelly- 
like substance,  and  the  two  other  families  by  their  receptacles.  In  the 
Hynienomycetes  are  included  the  commonest  and  best  known  of  all  Fungi, 
the  mushrooms.  The  body  which  is  ordinarily  called  the  mushroom  is, 
as  has  already  been  mentioned,  only  the  receptacle,  which  springs  from 
a  mycelium  growing  in  the  ground,  the  Wood,  or  elsewhere.  A  number 
of  these  Fungi,  as  Agaricus  campestris  the  common  mushroom,  A.  cue- 
sareuSf  A.  procerus  the  *  parasol-mushroom,*  A.  prnnulus  the  'plum- 
mushroom,*  A.  deliciosus^  Boletus  edulis,  Cantharellus  cibarius  the 
*  edible  chantarelle,*  &c.,  are  edible  ;  while  others,  as  Agaricus  mus- 
carius  the  *  fly  amanita,'  A,  emeticus,  &c.,  are  poisonous.  Merulius 
lacrymans  is  the  dry-rot  so  destructive  to  timber.  Among  officinal 
species  are  Boletus  laricis  and  Polyporus  fomentarius.  Among  the 
more  common  Gasteromycetes  are  Lycoperdon  bovista  the  *  puff-ball,* 
and  Phallus  impudicus  the  *  stink-hom '  (Figs.  392,  393,  pp.  264-5). 

IV.  ASCOMYCETES. 

a.  Protomycetes,     b.   Tuberacece.     c.   Onygenei.     d.  Pyrenomycetes. 

e.  Discomycetes. 

The  spores  of  the  Ascomycetes  are  formed  in  asci  by  free  cell-for- 
mation. In  the  Protomycetes  the  filaments  which  bear  the  asci  {asca* 
phores)  are  not  united  into  a  receptacle,  as  in  the  other  families,  and 
there  is  no  alternation  of  generations  in  their  cycle  of  development. 
This  latter  is  also  wanting  in  the  Tuberaceae  (truffles)  and  the  Ony- 
genei ;  but  occurs  in  the  Pyrenomycetes  and  Discomycetes.  The 
TuberacecB  form  roundish  tuberous  usually  subterraneous  bodies,  which 
are  often  surrounded  by  a  copious  branched  mycelium.  Scarcely  any- 
thing is  known  with  regard  to  their  mode  of  reproduction  ;  ascospores 
are  at  present  the 'only  kind  of  spores  which  have  been  observed  in 
them  ;  and  these  are  often  set  free  by  the  rupture  of  the  peridium. 
Their  mycelium  disappears  when  the  fructification  ripens,  and  the  re- 
ceptacle then  lies  naked  in  the  soil  (Fig.  394,  p.  266) ;  while  in  the  Ony- 
genei it  is  imbedded  in  a  flocculent  mycelium.     The  asci  of  the  Pyre- 
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nomycetes  are  formed  ip  the  interior  of  small  flask-shiped  or  roundish 
receplicies,  which  are  here  termed  pcrilhecia.  Their  allematioi 
generations  has  already  been  described. 
To  this  class  belongs  Claviifps  pur- 
purea, the  'scierolium'  of  which  is 
officinal  under  the  names  ei^ot  and 
•Seeale  comutum'  (Fig.  375,  p,  228), 
The  Discomycites  are  distinguished 
from  the  Pyrenomycetes  mainly  by  the 
hymeninra  being  superficial.  la  the 
Clavarieie,  which  are  branched  in  a 
fnilicose  manner,  it  covers  the  surface 
of  the  branches  ;  in  the  HelvelleLE  ami 
Morchellea;,  on  the  contrary,  the  outer 
surface  of  the  folded  pileus;  while  in 
Ftzisa  it  clothes  the  inner  surface  of 
the  cup,  which  is  sometimes  stallced 
and  sometimes  sessile.  The  morel, 
Morchtlla  ctcidenta  {Fig.  408),  is  a 
well-known  edible  Fungus.' 

There  are  a  number  of  Fungi,  as, 
for  instance,  some  moulds,  which  it  is 
not  at  present  possible  to  classify  under 
this  system.  They  are  probably  only 
forms  of  other  Fungi,  the  relationship 
of  which  to  other  forms  has  yet  to  be  ■ 
certainly  determined. 

THE  MYXOMYCETES. 

The  Myxomyceles  are  distinguished 
from  all  other  plants  by  the  fact   of 
their  cells  being  without  a  cell-wall  during  their  vegetative  period, 
and   not  combined  into  a  tissue.      It    is  only  when  their  protoplasm 

I  [De  Baiy  has  pnblished  a  series  of  elaborate  investigations  of  the 
Ascomycetes,  leading  to  the  conclusion,  that,  in  at  least  one  group,  the 
Pyrenomycetes,  the  ascospores  are  the  result  of  a  true  process  of  impreg- 
nation, vit.  the  contact  of  the  apex  of  a  male  ot^an,  which  he  termed 
\he  pollinedium,  with  a  female  oigan,  the  (arpogonium  or  ascogonium. 
The  most  recent  researches,  however,  of  Comu  and  Van  Tieghem 
throw  the  greatest  doubt  on  the  accuracy  of  De  Bary's  conclusions, 
'^nd,  indeed,  on  our  knowledge  ol  any  loim  of  senual  reproduction  in 
tae  higher  Fungi.— Ed.] 
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comes  to  rest  from  unfavourable  external  conditions,  or  their  growth 
has  ceased  on  the  formation  of  fruit,  that   the  protoplasm  breaks  up 
into  small   cells  provided  with  a  cell-wall,   but  not    forming   a    true 
tissue.      They  live  on  decaying  and  putrefying  vegetable  substances. 
In  its  membraneless  condition  the  protoplasm  displays  an  extraordinary 
motility  ;  and  then,  independently  of  the  currents  in  its  interior,  the 
whole  mass  creeps  over  or  in  its  substratum  like  an  animal.    But  when  it 
passes  over  into  the  fructifying  state,  it  breaks  up  into  large  receptacles 
or  sporangia,  filled  with  small  spores,  usually  accompanied  by  a  reticu- 
lation of  thin-walled  tubes  opening  into  one  another,  a  hair-like  weft 
termed  a  capillitium.     The  germinating  spore,  now  provided  with  a 
cell-wall,  allows  the  whole  of  its  protoplasmic  contents  to  escape  in  the 
form  of  a  naked  mass  which  assumes  an  elongated  pointed  shape  and 
acquires  a  cilium  at  one  end,  and  thus  becomes  transformed  into  a 
swarmspore,  which  either  takes  on  a  rotating  motion,  or,  changing  its 
form,  creeps  about  in  an  animal-like  fashion  like  an  Amoeba.     These 
swarming  bodies  multiply  by  division  during  two  or  three  days  ;  and 
then  a  new  process  begins,  two  or  more  coalescing  into  a  homogeneous 
mass  of  protoplasm  or  Plasmodium^  which  also    moves  about  in  an 
amoeboid  manner.     The  Plasmodium  often  creeps  about  for  the  space 
of  a  foot,  the  motion  being  caused  by  the  projection  at  its  margin  of 
arm-like  protuberances,  which  increase  in  size  by  fresh  masses  of  pro- 
toplasm flowing  into  them.     When  this  takes  place  for  some  time  in 
one  direction,  the  whole  plasmodium  has  in  this  way  shifted  its  place. 
These  processes  usually  occupy  a  few  hours  ;  in  the  so-called  *  flowers 
of  tan,*  Aithalium  septicuMy  one  or  two  hours  is  sufficient  for  the  still 
motile  Plasmodium  to  become  changed  into  the  fertile  discs.     "When 
the  vital  conditions  are  unfavourable,  the  swarming  bodies  and  the 
young  Plasmodia  become  surrounded  by  a  membrane,  or  encysted,  like 
the  infusorial  animalcules,  and,  if  kept  dry,  remain  in  this  condition  for 
months  without  losing  their  power  of  life  ;  when  placed  in  water  they 
recur  to  the  motile  condition.     Mature  plasmodia  pass  into  the  resting 
state  when  the  amount  of  moisture  or  the  temperature  is  low,  forming 
a  sieve-like  plate  or  irregular  tuberous  body  {sderoHum)^  and  finally 
break  up  into  a  large  number  of  round  or  polyhedral  cells  of  a  diameter 
of  0*025  to  o  •033mm.,  and  of  a  waxy  or  brittle  texture.     When  placed 
in  water  the  cell-walls  which  had  been  formed  are  again  absorbed,  and 
the  Plasmodia  re-assume  their  motile  condition. 
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Class  III.     Lichenes. 
Lichens  (Figs.  409-417)  usually  consist,  when  mature,  of 
1  well-developed   layer  of  tissue,  the  thallus,  composed, 


5S 
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like  that  of  Fungi,  of  rows  of  cells  which  form  a  fibrous 

weft  or  pseudo- parenchyma.  In  addition  to  this  there  are 
also  round  or  oval  cells  of  a  green  or  blue-green  colour, 
the  gottidia  or  gemniEe.  Three  typ'es  of  structure  of  the 
thallus  may  generally  be  distinguished  ;  the  Stratified,  the 
Pictorial,  and  the  Gelatinous,  furnishing  the  characteristics 
of  these  three  descriptions  of  Lichens  ;  but  there  are  some 
anomalous  forms  which  cannot  be  included  under  either  of 
these  types. 

Sections  through  the  thallus  of  the  stratified  or  Hetero- 
merous  Lichens  (Fig.  409  n.)  almost  always  show  two  distinct 
layers  of  tissue,  a  comparatively  thin,  usually  transparent 
but  close  outer  layer  or  (ortex,  and  an  inner  looser  hyphal 
layer  enclosed  by  the  fonner,  the  medulla.  The  two  layers 
are,  however,  formed  of  ramifications  of  the  same  filaments. 
At  the  line  where  they  meet  the  gonidia  almost  always  con- 
stitute a  zone  of  variable  thickness,  the  gonidtal  layer  {Fig. 
409  11.^)-  In  the  Friiticose  Lichens,  the  cortex  commonly 
constitutes  a  layer  of  uniform  thickness  all  round ;  while  in 
the  Foliaceoiis  forms  it  is  usually  different  on  the  upper  surface 
exposed  to  the  light,  and  on  the  under  surface.  The  thallus 
of  the  Crustaceoiis  Lichens  presents  an  affinity  to  the 
latter  form  in  being  fixed  to  the  substratum  by  capillary  or 
bristle-like  rhiztnes,  so  that  it  cannot  be  removed  without 


Graphideje  form  thin  patch- 
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like  incrustations  on  stones  and  the  bark  of  trees  (Fig.  410). 
The  chief  peculiarity  of  their  thallus  consists  in  the  nature 
of  their  gonidia,  which  are  often  united  into  many-celled 
alga-like  rows  of  cells  (Fig.  411),  increasing  in  length  by 
division  of  the  terminal  cell. 

I'he  thallus  of  the  Gelatinous  Lichens  (Fig.  4 1)  ha  s  a 
leaf-like  or  an  arborescent  form,  or  consists  of  granules 
which  constitute  an  incrustation.  When  dry  it  is  cartila- 
ginous or  brittle,  and  then  alisorbs  water  eagerly,  swellii^ 
a  gelatinous  body.   Sections  (Fig.  412  1.)  show  that 


it  consists  of  gonidia  and  narrow  filaments  of  cells  imbedded 
in  an  apparently  homogeneous  jelly.  The  contents  of  the 
cells  are  always  colourless  and  invisible,  and  apparently 
contain  no  organised  constituents  such  as  grains  of  starch. 
The  cell-walls  of  many  Lichens  (as,  e.g.,  the  so-called  'Ice- 
land moss,'  Cdraria  islandica),  swell  up,  when  boiled  m 
water,  into  a  homogeneous  jelly,  forming  the  so-called 
'  moss-  or  lichen-starch,'  or  Lichenin. 

Among  the  organs  of  reproduction  of  Lichens  are  the 
ssredia  (Fig,  409  iv.),  which  are  developed  in  the  gonidial 
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layer  ;  groups  of  gonidia  becoming  enclosed  in  peculiar 
fibrous  envelopes,  and,  when  so  completely  inwoven,  grow- 
ing rapidly,  and  thus  exercising  a  pressure  on  the  cortex 
which  ruptures  it.  The  soredia  which  protrude  through  the 
crevices  caused  in  this  way  increase  in  the  same  manner  or 
develope  into  new  individuals.  In  addition,  Lichens  are 
also  provided  willi  spermogonia  and  spermatia,  correspond- 
ing in  all  respects  to  those  of  the  Ascomycetes.  Finally, 
they  also  possess  peculiar  receptacles  or  apothecia  (Fig.  409 
I.,  p.  285).  These  are  either  open  from  the  first,  and  then 
expand  and  bear  the  hymenial  layer  on  their  surface  (Fig, 
41 3) ;  or  they  open  only  at  the  apex  by  a  narrow  cajoal  j  or 


they  remain  closed,  and  enclose  a  fertile  nucleus.  Hyme- 
nial layers  of  the  first  kind  correspond  to  the  receptacles  of 
the  Discoiwycetes,  and  the  Lichens  to  which  they  belong 
are  called  gynmocarpous ;  those  of  the  two  last  kinds  re- 
semble the  perithecia  of  the  Pyrenomycetes,  and  the 
Lichens  are  called  angiocarpous.  The  development  of  the 
apothecia  always  begins  in  the  interior  of  the  thalluE. 
When  mature  they  consist  of  the  external  tissue  or 
exdputum  ;  of  a  layer  in  which  larger  and  stouter  hyphal 
filaments  are  developed  than  those  found  in  the  remainder 
of  the  tissue,  the  ascophorous  hypha  or  siibhymenial  layer ; 
and  of  the  true  hymenial  layer,  composed  of  parallel  hypha: 
OT  paraphyses  and  of  the  asd.    These  latter  usually  contain 
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eight  spores  formed  simultaneously.  When  the  same  thallus 
bears  both  apothecia  and  spermogonta,  the  Lichen  is  said 
to  be  montecious ;  when  these  organs  are  found  on  ditferent 
individuals,  it  is  dicecious.  No  true  prof:ess  of  impregna- 
tion has  yet  been  observed. 

Lichens  possess  a  peculiar  double  nature.  Their 
gonidia  contain  chlorophyll,  and  are  algoid  bodies ;  and 
their  presence  is  the  only  certain  distinction  between 
Lichens  and  Fungi;  the  Ascomycetes  among  the  latter  hav- 
ing an  especially  close  relationship  to  the  Lichens  through 
their  apoth^ia.  In  only  a  few  cases  have  the  gonidia  been 
detached  from  the  thallus  and  made  to  develope  inde- 
pendently, by  the  formation  chiefly  of  swarmspores.  From 
this  fact  the  theory  has  originated  that  Lichens  are  ascomy- 
cetous  Fui^i  which  are  parasitic  on  particular  Algae,  the 


blii^eoSsihX^(^ 


gonidin.     This  theory  has  been  confirmed  by  the  produc- 
tion of  a  perfect  Lichen,  Collema  glaucesceiis,  h^  so-KSm^  >Sa 
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spores  on  the  gon  id  ia -forming  Alga,  Nostoc  lichenoides.  An 
opposite  view  is  entertained  by  others,  that  Lichens  are  a 
distinct  class  of  plants  by  themselves,  the  gonidia  of  which 
sometimes  become  detached  from  the  parent-plant,  and 
then  cany  on  an  algoid  existence,  in  which  state  they  have 
often  been  erroneously  described  as  Algse. 
Ijchens  are  classified  as  under,  viz,  :— 

I.  Lichens  with  a  siraiitied  thallus  :  —  Hetekomerous  Lichens, 

1.  Fkuticuse  Lichens ;   (hallus  more  or  less  arborescent   in 
fiirm  (Figs.  409,  p.  285  ;  414,  415). 

2.  FoLlAClXJUS  Lichens  ;  ihallus  leaf-like  (Figs.  416,  417). 

3.  Crustaceous  Lichens ;  thailus  cnistaceous. 

II.  Lichens  with  unstratilied  thailus  :— Homoouerous  Lichens. 
I.  Gelatinous  Lichens  ;  thailus  gelatinous  (Fig.  41a,  p,  287). 
3.   Pictorial  Lichens  ;  thailus  fonning  a  very  ihin  inegulac 

incrustation  (Fig.  410,  p,  286}. 
The  gelalinous  lichenin,  characleristic  of  many  Lichens,  renders 
thera  useful  as  articles  of  food  lo  northern  nations  and  their  domestic 
animals,  or  as  medicinal  products, 
or  this  character  are  the  so-called 
'  Iceland  moss,'  Cetraria  isiandKB, 
(Fig.  41S),  the  'rein-deer  moss' 
Cladonia  rangiferi'ia,  and  Slicla 
pijmeiiacea.  Ihrmelia  /mrie/ina  is 
also  used  as  a  febrifuge,  from  its 
containing  a  bitter  principle  which 
is  present  also  in  other  kinds. 
.Several  other  Lichens,  as  RoccJh 
iincloria,  Leianora  lartarva,  Vario- 
Inria  dialhala,  Cyrophora  pustutata, 
and  Ijcanora  aim,  are  also  important  articles  of  commerce,  in  conse- 
quence of  a  pigment  which  is  blue  or  red  according  to  the  mode  in  which 
it  has  been  prepared,  and  which  is  known  as  orchil,  litmus,  and 
cudbear.  Parmtlia  esculmla  of  Asia  Minor,  the  Sahara,  Persia,  Ac,  is 
believed  to  be  the  'manna'  of  Scripture. 

Lichens  are  roost  abundant'  in  the  colder  r^ons  of  the  globe,  and 
occur  on  the  utmost  limits  of  vegetation.  From  this  circumstance,  and 
from  the  ease  with  which  they  grow  where  the  means  of  living  are  ei- 
tremely  scanty— some  of  itiem  flourishing  on  bare  haid  rocks,  and  others 
even  thriving  on  glass  and  iron — they  are  of  considerable  importance  in 
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Class  IV.     Characea. 

As  Lichens  mark  the  passage  from  Fungi  to  AlgK,  so 
do  the  Characeje  that  from  Algas  to  Muscinese;  for  al- 
though very  similar  in  habit  to  many  Algje,  and  therefore  at 


VI.— statu  ^t 


Lichen,  wUh  apoibecii. 


one  time  included  in  that  class,  they  are  nevertheless  really 
more  nearly  allied  to  Mosses,  not  only  in  their  mode  of 
germination,  but  because  they  are  Acrogens  in  contradistinc- 
tion to  Thallogens.  They  grow  in  fresh  water,  and  consist 
of  cellular  tilaments,  which  are  branched  iu  a.  NCl^vOSla^a 
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manner  at  regular  intervals  (Fig.  418  i.).     There  are  only 
two  genera,  Chara  and  Nitilla.  knowm  as   '  Brittle-worts,' 


including  a  considerable  number  of  species  distributed  ovffl 
the  whole  globe.     In  Nitella  each  intemode  consists  of  only 
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a  single  cell,  while  in  the  stem  of  Chara  there  is  a  central 
or  axial  cell,  surrounded  in  a  spiral  manner  by  other  cells, 
which  form  a  cortex.  Multiplication  takes  place  partly  by 
single  cells  becoming  detached,  partly  by  impregnation.  In 
some  species,  as  Chara  hispida  ( Fig.  4 1 9)  an  aniheridium  or 


globule  and  a  female  organ  called  the  nucule  stand  beneath 
a  lateral  branch ;  in  other  species  the  two  organs,  which 
may  be  recognised  in  an  immature  condition  as  small  red 
knobs  on  the  pUnt,  are  found  on  different  individuals. 
'Y\ii globule  (Fig.  418  III.,  a)  is  a  sessile  globular  body,  and 
consists  of  eight  cortical  cells  which  open  when  ripe.  In 
the  interior  are  a  number  of  cellular  filaments  (Fig.  420  i.), 
coiled  round  one  another,  from  each  separate  cell  of  which 
is  developed  an  antherozoid  or  spermatozoid  (Fig.  420  ii.), 
The  nucule  {Fig.  418  111.,  b)  consists  of  an  axial  row  of  cells 
which  is  closely  surrounded  by  five  tubes  coiled  spirally 
round  it.  The  oospore  is  developed,  as  the  result  of  im- 
pregnation, from  the  large  apical  cell  of  the  v[\f\^  2cus\\crNv 
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the  oosphere.  In  the  autumn,  when  the  annual  plant  dies 
down,  the  oospore  falls  to  the  bottom  of  the  water,  the 
young  plant  developing  from  it  in  the  spring.  The  first 
algoid  cells  of  the  )'oung  plant  are  considered  a  pro-em- 
bryo, on  which  the  plant  itself  grows  as  a  lateral  branch 
(Fig.  418  II.).  The  process  of  impregnation  itself  takes 
place  in  this  manner.  At  the  moment  ot  maturity  the  neck 
of  the  five  peripheral  tubes  of  the  nucule  becomes  loosened, 
and  between  the  five  clefts  thus  formed  antherozoids  pene- 
trate into  the  oosphere.  The  Characese  have  no  economi- 
cal or  medicinal  value,  but  are  of  importance  in  respect  to 
our  knowledge  of  the  life  of  plants. 

[Several  species  of  Chara  are  common  in  freshwater 
ditches,  ponds,  and  streams,  forming  tangled  masses,  easily 
distinguished  from  Algse  by  the  verticillate  arrangement  of 
the  branches,  and  by  the  gritty  nature  of  the  whole  plant 
caused  by  the  deposition  of  calcareous  matter  ;  when'  de- 
caying the  plant  emits  an  offensive  smell,  resembling  that  of 
sulphuretted  hydrogen.  Nitella  is  not  so  abundant,  and  is 
destitute  of  the  calcareous  incrustation.  The  plant  is,  in  each 
case,  fixed  in  the  soil  by  slender  root-filaments  or  rhizoids. 

The  central  or  axial  cell  of  each  intern  ode  in  Chara  is 
very  large  compared  with  the  size  of  the  cells  which  sur- 
round it,  and  which  form  the  cortical  layer.  Each  node 
consists  of  a  transverse  plate  of  small  cells  resembling  those 
of  the  cortical  layer,  and  separating  the  intemodal  cells 
from  one  another.  The  branches  and  secondary  branches 
(sometimes  called  leaves)  resemble  the  stem  in  structure,  the 
latter  always  ending  in  a  much -elongated  pointed  cell.  The 
apex  of  the  stem  forms  a  compact  terminal  bud,  beneath 
which  the  intemodes  become  gradually  longer  as  you 
approach  the  base  of  the  stem.  Growth,  i.e,  the  formation 
of  new  nodes  and  intemodes,  takes  place  immediately 
beneath  this  terminal  bud,  new  rhizoids  being  first  formed, 
and  then  branches  bearing  in  their  axils  the  reproductive 
organs,  which  are  easily  made  out  as  minute  orange-red 
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bodies.  A  vegetative  mode  of  reproduction  sometimes 
takes  place  by  means  of  bulbils,  which  become  detached. 
The  growing  point,  which  occupies  the  centre  of  the  ter- 
minal bud,  consists  of  two  cells  lying  one  above  another; 
while  beneath  the  lower  of  these  is  another  cell  which 
divides  longitudinal^,  and  developes  into  the  cellular  trans- 
verse partition  or  node.  Below  this  again  is  a  single  elon- 
gated internodal  cell,  and  beneath  this  again  a  rudimentary 
node,  and  so  on.  The  internodal  cells  increase  in  size,  but 
never  divide.  The  leaves  or  lateral  branches,  on  the  other 
hand,  are  developed  from  outgrowths  of  some  of  the  peri- 
pheral cells  of  the  node.  The  cortical  layer  which  surrounds 
each  intemode  is  developed,  not  from  the  internodal  cell, 
but  by  continual  growth  and  division  of  the  peripheral 
nodal  cells,  which  from  the  first  overlap  the  intemode,  and 
gradually  assume  a  spiral  arrangement.  The  cells  of  Char  a 
always  contain  a  nucleus,  and  afford  a  remarkably  good 
illustration  of  the  phenomena  of  rotation  (see  p.  10).  This 
movement  is  exhibited  especially  in  the  inner  layer  of 
protoplasm  next  the  central  vacuole,  the  nucleus  being 
carried  round  in  the  stream  ;  while  the  outermost  layer 
which  includes  the  chlorophyll-grains  is  quite  motionless. 

The  eight  cortical  cells  of  which  the  wall  of  the 
antheridium  or  globule  consists,  are  sometimes  called 
shields  ;  the  four  nearer  the  base  are  four-sided,  the  four 
nearer  the  apex  three-sided.  From  the  middle  of  the  inner 
face  of  each  shield,  a  cylindrical  cell,  termed  a  manubrium, 
projects  inwards,  nearly  to  the  centre  of  the  hollow  globule; 
and  at  the  extremity  of  each  manubrium  is  a  rbundish 
hyaline  cell,  the  head  or  capitulum.  The  shields,  manubria, 
and  capitula  form  therefore  together  twenty-four  cells, 
which,  together  with  the  pedicel-cell  of  the  globule,  consti- 
tute its  framework.  Each  capitulum  bears  six  smaller  cells, 
se:o7idary  heads  or  capitula  \  and  from  each  of  these  grow 
four  long  whip-shaped  filaments,  the  number  of  which  there- 
fore is  about   200.     Each   of  these  200  fvl3LW\eri\.'5»  ^ynx^^'s* 
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transversely  into  from  100  to  200  cells,  and  in  each  of  these 
cells  an  antherozoid  is  produced  (Fig.  420,  i.  11.)  by  a  pecu- 
liar transformation  of  its  protoplasmic  contents,  provided 
with  two  cilia,  by  means  of  which  it  moves  rapidly  about 
when  it  escapes  by  the  separation  of  the  shields  and  rupture 
of  the  parent-cell.  The  number  of  antherozoids  produced 
by  a  single  globule  may  therefore  be  from  20,000  to  40,000. 
The  alternation  of  generations  is  exhibited  in  Characeae 
in  the  pro-embryo  which  constitutes  the  nbn- sexual  genera- 
tion. The  sexual  generation  is  developed  from  the  growth 
of  a  single  cell  of  the  pro-embryo,  situated  at  some  distance 
below  its  free  extremity;  this  cell  giving  rise  to  a  set  of 
leaves,  among  which  a  bud  appears  which  grows  into  a  new 
Chara. — Ed.] 

Class  V.  .HepaliccB, 

The  Hepaticae  or  Liverworts  are  elegant  delicate  plants, 
usually  of  a  bright  green  colour,  which   form  a  beautiful 

transition  from  the  Thallogens  to  the  Ac- 
rogens.  Many  of  them,  as  Anthoceros  (Fig. 
421),  are  true  Thallogens  having  no  leaves, 
and  are  included  in  the  class  only  on  account 
of  their  mode  of  reproduction.  Some  bear  a 
great  external  resemblance  to  certain  Lichens ; 
and  in  others  the  true  leaves  are  only  repre- 
sented bv  scales.  These  forms,  the  Thalloid 
or  Frondose  Hepaticce  (Fig.  422),  are  con- 
trasted with  the  FoHose  forms ;  but  even  in 
these  latter  the  leaves  never  have  even  a 
mid-rib,  even  when  the  stem  contains  vas- 
cular bundles  of  low  organisation  in  the  form 
of  cambium-strings.  Usually,  especially  in 
Jungei'tnannia  (Fig.  423),  the  leaves  stand  in 

Fig.   421. —  AnihO'  .  .  .    ,  ,    ^    ,  ,     , 

ceroK  iavis :  a  a  two  rows,   runnmg  m  nght-  or  left-handed 
urst  sporogonium.  gpj^^^ig      jj^  some  genera  with  stems  creeping 

on  the  earth  or  on  the  bark  of  trees,  besides  these  larger 
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leaves,  which  are  all  on  the  upper  side,  there  is  a  third  row 
of  smaller  leaves  (Figs.  424  11.,  425),  the  amphigastrid, 
adpressed  to  the  under  side  of  ihe  stem.     The  HepaticJE 


Fig.  t-a.—Mareliantia  tohmsrpka:    I,  ihailLs  wiih  fire  ajithtridial  ncepiacV* 
(naluial  ti») ;  II.  ifiallut  wiih  an  srcbeaonia]  receptacle  (luiural  siitf;  1[I. 
elater-ceJ)  wiih  a  coniinuoui  doubly ,ipin>L  thread  or  elaier  ( x  lun);  IV.  ^be- 
never  have  true  roots ;  rhizoids  replace  tliem  both  in  position 
and  in  function. 


2g8  Structural  and  Physiological  Botany. 

The  internal  structure  of  the  stem  is  extremely  simple. 
In  the  Foliose  Hepaticse  it  consists  of  an  elongated  parHi- 
chyma  more  strongly  thickened  externally,  and  thus  forming 


a  cortical  layer  passing  over  gradually  into  the  central  tissue. 
The  Thalloid   Hepaticse,  on  the  contrary,  have   a  well- 
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marked  epidermis,  in  which  are  a  few  scattered  stomata, 
and  which  puts  out  rhizoids  from  its  under  side.  In  the 
most  highly  developed  order,  the  Marchantieae,  we  find  the 
first  rudiments  of  vascular  bundles,  in  the  form  of  elongated 
cells  containing  little  or  no  chlorophyll  but  often  crystals. 
The  leaves  consist  of  a  single  layer  of  uniform  tabula*' 
cells. 

There  are  two  modes  of  reproduction  :  by  fertilised 
oospores,  and  by  asexual  buds  or  gemmae.  The  latter  are 
groups  of  cells  which  become  detached  from  the  plant,  and, 
under  favourable  circumstances,  develope  into  new  indivi- 
duals. In  the  Thalloid  Hepaticae  they  are  usually  found 
at  the  bottom  of  saucer-  or  spoon-shaped  organs,  the 
aipnles  (Fig.  349,  p.  179);  in  other  families  they  arise  on 
the  margin  of  the  leaves  or  at  the  apex  of  the  stem. 

The  sexual  organs  arise  on  the '  stem  of  the  mature 
plant ;  some  species  being  monoecious,  and  others  dioecious. 
The  male  organ,  or  antheridium^  is  a  stalked,  usually  spheri- 
cal body,  consisting  of  a  cellular  envelope  or  coat,  and  an 
internal  portion  formed  of  delicate  cells.  These  last  escape 
when  the  organ  is  mature,  a  spermatozoid  or  antherozoid 
having  previously  been  developed  in  each  cell,  consisting  of 
a  spirally  coiled  thread  furnished  at  the  end  with  two  long 
vibratile  hairs  or  cilia.  The  female  organ,  or  archegonwm 
(Fig.  422  IV.)  is  a  flask-shaped  organ,  enclosing  near  its  base 
a  large  central  cell  A  canal  leading  to  the  central  cell  is 
formed  in  the  neck  of  the  archegonium  by  the  disappearance 
of  the  septa  of  the  axial  bundle  of  cells,  the  canal-cells  \  the 
canal  appears  to  be  at  first  closed  outwardly,  but  opens  at 
the  period  of  maturity  by  the  separation  of  the  apical  cells, 
and  thus  gives  access  to  the  antherozoids.  Before  the 
antherozoids  reach  the  central  cell,  the  oosphere  has  been 
formed  in  the  latter  by  free  cell-formation,  and  gradually  in- 
creases to  such  a  size  as  completely  to  fill  up  the  central 
cell,  the  sporogonium  being  developed  from  it  after  impreg- 
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nation.    The  rudiment  of  this  organ  is  first  of  all  surrounded 
by  a  cell-wall,  and  then  gradually  developes — ^under  the 
shelter  of  the  archegonium,  whidi  grows  with  it  and  which 
is  from  this  time  called  the  ccUyptra — and  developes  into 
the  stalked  sporogonium.    The  sporogonium  does  not  any- 
where unite  in  its  growth  with  the  vegetative  structure,  even 
when  its  pedicel  penetrates  into  its  tissue.     "When  mature, 
the  sporogonium,  elevated  by  the  sudden  and  rapid  increase 
in  length  of  the  pedicel  or  seta^  ruptures  the  calyptra,  opens, 
and  allows  the  escape  of  a  great  number  of  spores.    As 
a  rule,  several  archegonia  are  grouped  together;  but  it  is 
very  rare  that  more  than  one  matures,  the  rest  being  abor- 
tive.    In  some  genera  the  archegonium  is  surrounded  in 
addition  by  a  so-called  '  calyx  ^  [ox perichcetium\  consisting 
of  several  connate  leaves.     In  the  sporogonia  of  the  Hepa- 
ticse  there  usually  occur,  in  addition  to  the  spores,  sdso 
peculiar  elongated    cells  termed  elaters^  furnished   with  i 
brown  spiral  band,  which  is  sometimes  simple,  as  in  Frtd- 
lania,   sometimes  double   (Fig.    422   in.).     Rarely,   as  in 
Anthoceros,  a  row  of  cells  or  columella  remains  in  addition 
in  the  axis  of  the  sporogonium  (Fig.  421).      The  sporo- 
gonium  usually  opens  with  four,  in  Afithoceros  with  two 
valves ;  in  the  Riccieae  it  bursts  irregularly.     On  germina- 
tion the  spore  first  puts  out  an  irregular,  often  filiform,  struc- 
ture, the  pro-embryo,  on  which  the  bud  is  produced  from 
which  the  young  plant  arises.     The  course  of  development 
of   the   Hepaticae   shows  a  clearly  marked  alternation  of 
generations.     The  first  (sexual)  generation  begins  with  the 
germinating  spore,  and  closes  with  the  act  of  fertilisation  j 
the  second  (asexual)  generation  consists  of  the  sporogonium. 

The  Hepaticae  are  classified  into  four  families  : — 

1.  RicciEyE.  The  thallus  is  expanded  flat  and  floats  on  water  ;  the 
sporogonium  is  imbedded  in  the  thallus,  and  does  not  project  above.it; 
it  dehisces  irregularly,  and  contains  no  elaters. 

2.  ANTHOCEROTEiE.     The  thallus  is  expanded  flat ;  the  pod  like 
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stalked  sporogonium  has  a  columella  ;   [the  elaters   have  no  spiral 
bands]  (Fig.  421,  p.  296). 

3.  MARCHANTiEiE.  The  flat  coriaceous  thallus  is  branched  di- 
chotomously  [and  possesses  a  mid- rib] ;  the  sporogonia  are  collected  on 
a  stalked  organ  or  archegonial  receptacle,  and  burst  into  four  valves ; 
[they  contain  elaters]  (Fig.  422,  p.  297). 

4.  JUNGERMANNIE<«.  [The  vegetative  structure  is  usually  differ- 
entiated into  a  stem  and  distinct  leaves] ;  the  sporogonium  bursts  into 
four  valves  [and  contains  elaters]  (Fig.  423,  p.  298). 

The  Hepaticae  are  distributed  throughout  the  world,  but  are  of  no 
economical  importance. 


Class  VI.    MuscL 

The  Musci  or  Mosses  are  nearly  related  to  the  Hepaticae ; 
but  are  in  general  of  a  higher  type,  no  longer  possessing  any 
of  the  characteristic  features  of  Thallogens,  but  having  a 
cylindrical  stem  covered  with  leaves  (Figs.  427,  434).  The 
stem  of  the  order  known  as  Sphagnaceae  is  divided  by  nar- 
row elongated  cells,  which  are  often  lignified,  into  a  central 
large- celled  axial  and  a  looser  cortical  portion  consisting  of 
only  a  few  cells  (Fig.  426  i.).  True  vascular  bundles  are 
altogether  wanting  ,  but  in  most  other  families  of  Mosses 
there  is  in  the  centre  of  the  stem  an  axis  of  simple  struc- 
ture, which  does  not  contain  true  vessels,  but  which  is  often 
described  as  a  vascular  bundle  (Fig.  426  ii.).  This  often 
consists  ODly  of  a  few  thick-  or  thin-walled  cells,  not  sharply 
distinguished  from  the  parenchyma  of  the  stem,  which  serve 
for  the  conduction  of  the  sap,  and  therefore  perform  the 
function  of  a  vascular  bundle.  In  some  Mosses  there  are, 
however,  cells  with  thicker  walls,  on  which  may  be  seen  a 
very  delicate  spiral  striation,  and  which  therefore,  altogether 
call  to  mind  a  vascular  bundle.  These  are  sometimes 
central ;  but  sometimes,  as  in  Polytrichttm^  give  place  to 
a  central  medulla.  Lateral  branches  from  these  bundles 
sometimes  pass  into  the  leaves  as  veins.  The  leaves  are 
often  narrow,  of  very  thin  or  even  membranovi?,  1^^\.>\\^.»  -a:^^ 
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of  simple  structure.   They  usually  consist,  with  the  exception 
of  the  veins,  of  only  a  single  layer  of  parenchymatous  cells; 


;  1.  pUni  with  Lheca  {magnific 
lypin,  III.  wilhoui  calyplra  (magnified);  IV,  plant  v 
icfiDg  ihe  Bnihcridial.  receptacle,  and  eihilniingprolilicai 


hut  exceptions  occur  in  the  case  of  Sphagnum  and  other 
Mosses.     In  Polytrichum  the   surface  also  has  cells  pro- 
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vided  with  peculiar  lamellae  ;  otherwise  there  is,  as  a  rule, 
no  special  epidermal  tissue  with  stomata,  hairs,  &c.,  even 
when  this  is  found  on  the  stem  and  reproductive  organs. 
There  are  never  true  roots  ;  the  nutriment  being  absorbed 
through  rhizoids.  At  the  apex  of  the  stem,  or  growing 
laterally  on  it,  are  often  several  leaves  of  a  somewhat  dif- 
ferent form  to  the  rest,  forming  the  perigonium^  a  kind  of 
envelope  which  protects  the  organs  of  reproduction  growing 
within  it  (Fig.  427,  iv.). 

The  organs  of  reproduction  at  first  altogether  resemble 
those  of  the  H  q)aticae ;  but  in  the  course  of  their  develop- 
ment the  following  differences  arise  : — The  archegomum  ot 
Mosses  is  ruptured  by  the  young  sporogonium,  and  usually 
in  such  a  way  that  the  lower  part  remains  as  a  sheath  or 
vagimila^  while  the  remainder  is  elevated  in  the  form  of  a 
cap  or  calyptra^  surmounting  the  capsular  *  fruit,'  the  urn^ 
t/ieca,  or  sporangium  ;   and  is  finally  carried  away  by  the 
wind,  rain,  or  other  accident.    The  axis  of  the  sporangium  is 
occupied  by  a  central  column  or  columella,  around  which  the 
luiicellular  spores  are  formed.     In  order  to  allow  these  to 
escape,  the  sporangium,  which  varies  greatly  in  form  in  \C'i 
different  genera,  opens  by  means  of  a  lid  or  operculum  \  less 
often,  in  the  Andreaeaceae  (Fig.  429),  by  four  longitudinal 
slits,  or,  in  the  Phascaceae,  irregularly.     The  opening  re- 
sulting from  the  operculum  being  thrown  off,  is  called  the 
stoma  ;  its  margin  is  either  smooth  {gymnostomous\  or  is 
furnished  with  two  rows  of  cilia  or  teeth  of  beautiful  form, 
constituting  together  the  peristome  (Fig.  430),  the  nature  of 
which  furnishes   a  character  for   the   classification   of  the 
genera.     The  antheridia  are  usually  in  groups,  and  are  sur- 
rounded by  an  envelope  of  peculiar  leaves,  the  perigonium 
(Fig.  427  IV.).     Among   the  antheridia  are   filiform  struc- 
tures— possibly    abortive    leaves— the    paraphyses.       [The 
antheridia  produce  a  number  of  extremely  minute  anthero- 
zoids  (Figs.  427  v.,  428).]     On  germination  the  spore  puts 
out  first  of  all  a  pro-embryo,  which  is  either  filiform,  when  it 
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is  called  a  protonema,  or  thalloid,  when  it  is  a  prothallium  ; 
and  on  it  the  young  plant  is  developed. 

Besides  the  reproduction  by  spores,  Mosses  are  also 
propagated    asexually  by  gemnue  and    by  stolons.     Those 


-    J .ana  hjtgrmittrica:    I.    lon^giludinal    1 

teclioo  Ihrough  Uit  upper  pan  of  a  plant  with  ardw- 
^nia  a  and  lEav«  h  (x  40a) .  II,  anlheridiuDi  buisi- 
"  >w[ng   Ihe  aniherozoids  <t   to  escape 


forms  in  which  the  growth  is  terminated  by  the  production 
of  antheridia  or  archegonia  at  the  apex  of  the  stem  often 
exhibit  prolification  of  the  bud,  as  in  PolytrUhum  (Fig. 
427  IV.).  Axillary  buds  by  the  side  of  the  theca  or  of  the 
iintheridia  often  develope  also  by  a  process  of  renewal, 
forming  growths  known  as  innovations. 


3o6  Structural  attd  Physiological  Botany. 

The  A[usci  are  divided  into  iwo  sutiKilasses,  as  follows  : — 

I.   SphaCNACE.€.      Beg-mossei. 

According  as  the  Sphagnacex  grow  in  water  or  on  a  solid  sub* 

stratum,  they  form  a  filiform  or  thalloid  pro-embryo.     In  the  spoto- 

1.  gonia  are  produced  two  kinds  of 

the    lai^er   are   called 

rts,     the    smaller    mi- 

;   the  former  only  gw- 

The  mode  of  growth 

shown  in    Fig.    431.     [This 

includes  the  single  genus 

Sphagnum.^ 


{more  strongly  magnifiiHi). 

Z.    Brvine*.      True  Mosses. 

Pro-embryo  always  filiform  (protonema) ;  only  one  Itind  of  spore. 

I.  Schitocarfi  or  Andrtaacca:.  The  ripe  theca  opens  by  four  longi- 
tudinal ilits  (Fig.  429). 

3.  Cleisloc»rpi  or  PkaserKts.  [The  roundish  theca  ruptures  the 
cslyptra  laterally,  without  raising  it  up  as  a  cap  ;  rto  operculum.] 
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3.  Stegocarpi  or  Bryacea-.     [The  Iheca  is  covered  by  a  calyi'lra,  and 
opens  by  throwing  off  an  operculiim.] 
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a,  Acrocarpi.  The  theca  springs  from  the  apex  of  the  main 
stem  or  its  branches  ;  e.g.  Funaria,  Splachnum^  Dicranum^ 
Bryupi^  PolytrUhum^  &c.  (Figs.  427,  432,  433). 

b,  Pleurocarpi.     The  theca  springs  from  the  axil  of  a,  leaf;  eg. 

Hypnuniy  FontinaliSy  &c.  (Figs.  434,  435). 

c,  Enthophyllocarpi.    The  lateral  or  terminal  theca  springs  from 

a  duplication  of  the  leaves. 
Mosses  are  generally  distributed  over  the  surface  of  the  earth  ;  only 
a  few  grow  in  water.     They  are  of  no  economical  importance ;  the 
species  of  Sphagnum  contribute  largely  to  the  formation  of  peat. 

Class  VII.     Filices, 

Ferns  have  usually  a  simple  or  branched  creeping  rhi- 
zome, either  below  or  above  the  surface  (Fig.  436) ;  rarely 
an  erect  woody  stem,  which  is  then  always  simple  (Fig.  437). 
In  either  case  the  stem  always  continually  dies  off  slowly  at 
its  lower  end,  or  becomes  lignified.  *  Large  numbers  of  ad- 
ventitious roots  provided  with  root-hairs  break  out  from  the 
lower  part  of  the  stem  or  from  the  rhizome,  while  the  upper 
part  frequently  puts  out  aerial  roots.  The  stem  is  covered, 
when  young,  with  an  epidermis  provided,  where  above- 
ground,  with  stomata.  The  subjacent  cortical  tissue  either 
consists  entirely  of  thin-walled  parenchymatous  cells,  or  be- 
comes differentiated  into  an  outer  cortex  consisting  of  thick- 
walled  cells,  and  a  thin-walled  parenchymatous  inner  cortex 
(Fig.  438  r'  and  r''),  the  latter  passing  over  gradually  into 
the  fundamental  tissue.  The  activity  of  the  cambium  of 
the  vascular  bundles  is  limited,  as  also  is  their  diametral 
growth,  the  vascular  bundles  growing  chiefly  at  the  ape.x. 
The  bundles  of  the  entire  plant  are  in  direct  communication 
with  one  another  above  and  below,  and  thus  form  a  system 
of  fibro-vascular  bundles.  They  divide  and  ramify  in  the 
stem,  forming  a  complete  network,  and  send  out  branches 
into  the  leaves.  In  the  roots,  on  the  contrary,  the  bundles 
coalesce  into  a  single  central  or  axial  vascular  bundle.  The 
separate  bundles,  as  seen  in  transverse  section,  are  some- 
times   roundish  and  sometimes   ribbon-shaped,   and   are 
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usually  separated  from  the  cortical  and  medullary  cells 
by  a  vascular  bimdU-sheath,  consisting  of  prosenchymatous 
cells  thickened  on  one  or  on  all  sides,  and  generally  dark- 


310         Structural  and  Physiological  Botany. 

coloured  and  strongly  lignified.  The  oldest  parts  of  the 
bundles  contain  narrbw  vascular  cells  with  annular  or  spiral 
thickenings  ;  the  portions  formed  later  having,  on  the  other 
hand,  scalariform  cells.'  True  vessels  occur  but  rarely.  In  the 


woody  parts  of  the  bundles  there  are  also  parenchymatous 
cells  containing  starch,  and  the  bast-portion  is  constructed 

'  [The  abundance  of  scalariform  cells  and  scalariform  vessels  (F^. 
69,  p.  461,  is  one  of  llie  chief  characteristics  of  the  woctdy  tissue  of 
Ferns,  as  contrasted  nith  ihal  of  flowering  plants,  though  they  are  by 
no  means  peculiar  to  this  class  of  plants.  — El).] 
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of  parenchyma  which  also  contains  starch,  and  of  bast-tubes 
and  sieve-tubes  (Fig.  438  11.). 

The  leaves  of  Fems  are  commonly  known  as  fronds. 
They  originate,  Uke  those  of  higher  plants,  as  snialt  cellular 
elevations  beneath  the 
growing  point  of  the  stem; 
but  in<-rease  in  length,  like 
branches,  at  their  apex, 
below  which  the  lamina  is 
then  formed.  The  leaves 
are  rolled  up,  when  young, 
in  a  cifcinate  manner ;  after 
maturity,  they  are  thrown 
off  periodically.  They  are 
produced  only  at  the  apex 
of  the  stem.  Their  forai 
varies  greatly,  from  lanceo- 
late and  entire  in  the  harts- 
tongue,  Scolopendrium,  to 
doubly  or  trebly  pinnate  in  the  Aspidiums.  Except  in  the 
HymenophyllaccK  they  are  almost  always  composed  of 
several  layers  of  cells,  which  very  commonly  separate  into 
two  clearly  distinguishable  lamina;,  the  upper  one  consisting 
of  cylindrical  cells  placed  vertically  to  the  surface,  and  fit- 
ting more  or  less  closely  to  one  another,  the  lower  of  a  looser 
tissue  formed  of  cells  of  a  more  spherical  form.  Both  sides 
of  the  leaf  are  covered  by  an  epidermis  provided  with  nume- 
rous stomata.  The  stem  and  the  rachis  of  the  leaves  are 
clothed,  in  most  species,  with  brown  dry  lanceolate  or  hair- 
like epidermal  structures  of  a  thin  membranous  textm^,  the 
paleie. 

The  sporangia  are  arranged  in  masses  at  definite  spots, 
usually  on  the  under  side  of  the  leaf,  and  are  outgrowths  of 
its  epidermis  (Fig.  439).  The  separate  sort  [or  collections 
of  sporangia]  vary  in  form  and  arrangement,  and  afford  dis- 
tinguishing characteristics  for  the  genera.    They  are  round- 
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ish  in  Polystichum,  linear  in  Asplenium.     They  are  occa- 
sionally naked,  as  in  Polypodium  {T\%.  439  v.);  but  more 


often  covered  by  a  membranous  skin,  the  intfusium  [which 
is  usually  an  extension  of  the  epidermis]  (Fi^  A'i'i^^-    ^"^ 
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most  Fems  the  sporangia  are  provided  with  an  elastic  ring, 
the  jimiilus,  running  over  the  apex,  which  [by  its  contrac- 
tion] causes  the  sporangium  to  burst  [to  allow  the  escape  of 
the  spores]  (Fig.  440  i.) ;  less  often  it  surrounds  the  sporan- 


lulus  (all  gresllv  msgniHed), 


gium  in  a  horizontal  or  oblique  direction  (Fig.  440  11.  in,). 
On  germinating,  the  spore  first  gives  rise  to  a  green  thallwl 
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leaf-like  often  kidney- shaped  structure,  lying  flat  on  the 
surface  of  the  ground,  the  prothallium  or  pro-embryo  (Fig. 
441  III.),  which  puts  out  rhizoids  from  its  under  side, 
and  forms  the  archegonia  and  antheridia  among  them. 
In  the  latter  are  produced  the  ciliated  antherozoids  (Fig. 
442)  ;  from  the  former,  which  agree  in  almost  all  points  with 


the  archegonia  of  Mosses,  the  young  plant  is  developed, 
after  the  fertilisation  of  the  oosphere  hy  the  antherozoids ; 
the  prothallium  (hen  disappearing.' 

An  alternation  of  generations  is  very  strongly  marked  in 
Ferns ;  the  first  [sexual]  generation  includes  the  formation  of 
the  prothallium  and  sexual  organs ;  the  second  [non-sexual] 

'  [Ttie  central  cell  of  the  archegonium  divides  firet  into  four  cells, 
of  which  the  two  lowest  subdivide  and  become  imbedded  in  the  sub- 
stance of  the  prothallium.  The  iwo  upper  of  the  four  cells  also  sub- 
divide, one  developing  into  the  rhizome,  the  other  into  the  faSL  rootlet 
of  the  young  Fern,— El>.] 
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generation  the  spore-producing  Fern-plant  itself.  Ferns  are 
also  reproduced  by  means  of  gemma  which  grow  on  the 
stalk  or  surface  of  the  leaves. 

Ferns  have  been  applied  to  but  very  few  economical 
uses.  The  rhizome  of  the  *  male  fern,'  Nephrodium  filix-mas, 
and  of  the  common  polypody,  Polypodium  vulgare^  and  the 
palese  of  a  Sumatran  species,  Cibotium  glaucescens^  are  used 
in  medicine  as  vermifuges. 

[The  following  is,  with  some  modifications,  the  classification  of 
Ferns  adopted  by  Mettenius  : — 

1.  Hymenophyllacece.  Sporangia  formed  on  a  prolongation  of  a 
vein  projecting  beyond  the  margin  of  the  leaf,  and  surrounded  by  a 
cup-shaped  indusium.  Annulus  oblique  or  transverse,  and  dehiscence, 
therefore,  longitudinal :  leaves  often  very  thin  and  delicate  :  Hyrneno- 
phyllum,  Trichomanesy  Loxsoma^  &c.  (Figs.  439  VI.,  vii.,  440  II.) 

2.  Gleickeniacece,  Sporangia  sessile,  with  a  complete  transverse 
annulus  :  dehiscence  longitudinal  :    Gleichenia. 

3.  Schizaacea.  Sporangia  sessile  or  shortly  stalked  ;  annulus  com- 
plete, forming  an  apical  cap-like  zone,  dehiscence  longitudinal :  Scfutaa^ 
Anemia,  Lygodium. 

4.  Osmundacecc.  Sporangia  shortly  stalked;  annulus  running  round  one 
side  only;  dehiscence  longitudinal  :  Osmunda,  Todea.  (Fig.  440  III.) 

5.  CyaiheacecB.  Annulus  complete,  oblique,  eccentric  ;  dehiscence 
transverse ;  sorus  generally  on  a  strongly  developed  receptacle : 
AlsophUa^  Hemitelia,  Cyathea  ;  most  tree-ferns. 

6.  Polypodiacecz.  Annulus  vertical  and  incomplete  ;  dehiscence 
transverse  : — Acrostichum,  Polypodium,  Adiantum,  Pteris,  Blechnum^ 
Asplenium,  Scolopendrium,  Aspidium,  &c.     (Fig.  439  I- v.,  440  I.) 

7.  Maraitiacecs.  Sporangia  placed  singly  on  lateral  veins  of  the 
pinnae  :  Marattia, — Ed.] 

Class  VIII.    Equlsetacece, 

The  aerial  stem  of  the  Horsetails  springs  from  a  creeping 
rhizome  which  produces  at  its  nodes  a  number  of  adventitious 
roots.  The  stem  is  herbaceous,  usually  furrowed,  simple  or 
branched,  jointed,  and  provided  at  the  joints  or  nodes  with 
toothed  sheaths  formed  by  the  coalescence  of  the  leaves  at 
their  base.     The  habit  of  the  plant  depends  on  this  mode 
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in  which  the  leaves  are  formed,  and  on  the  verticillate  ar- 
rangement of  the  branches  which  spring  from  buds  in  the 
cortex  (Fig.  443).  While,  in  respect  of  their  vegetative 
organs,  they  can  be  compared  only  with  the  Australian 


dicotyledonous  Casuarineas  and  the  extinct  Calamites,  in 
their  mode  of  reproduction  the  Equisetacese  closely  resemble 
Ferns.  In  the  internal  structure  of  the  stem  the  aircavitin 
are  of  great  importance.  Its  centre  is  occupied  by  a  la^e 
central  air-cavity  (Fig.  444  A,  4  ;  and  in  die  surrounding 
ring  of  tissue,  which  is  often  rather  narrow,  there  is  almost 
alwfiys  a  cortical  air-cavity  (Fig.  444  A,  r)  between  each 


Fig.  444.  -A.  Trantvene  Kclion  Ihreugh  the  rhiiome  of  Eqaittlum  UtttraU: 


e  Kclion  Ihreugh  the  rhiiome  of  EquiHium  Uiterale.i 


..  -  tiirough  a  young  ilem  of  E.  ly/vniicum  i  o  «indei . 

c  coJIenchvma :  KcotticaJ  parenchyma,  many  oflheccTRCDniaiiikqgchfoniphvll; 
s  VMCukir  bumlle-ih«lh ;  a  vaKnUr  bniKlle ;  l  conical  aii>caviiy ;  l'  ccDtn]  aii- 
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pair  of  vascular  bundles  g.  In  addition,  there  often  occur 
also  the  so-called  *  essential'  air-cavities  (Fig.  444  B,  L')in 
the  vascular  bundles.  In  some  species  the  epidermis,  which 
consists  of  a  single  layer  of  cells  and  is  more  or  less  strongly 
silicified,  has  stomata  (the  *  Equiseta  phaneropora ') ;  while 
in  others  (*  Equiseta  cryptopora*),  it  is  penetrated  by  crevices 
beneath  which  are  the  true  stomata.  The  stomata  (Fig.  444 
B,  st)  are  always  placed  in  a  single  or  in  several  rows  between 
the  elevated  ridges  of  the  stem.  The  cortex  consists  of  thin- 
walled  or  of  only  moderately  thickened  parench)niia.  It  is 
separated  on  the  inside  from  the  vascular  bundles  by  a 
sheath  which  sometimes  encloses  all  the  bundles  together 
(Fig.  444  B,  s) ;  while  at  other  times  each  separate  bundle  is 
surrounded  by  a  sheath  (Fig.  444  A,  g).  The  vascular 
bundles  ascend  in  a  vertical  direction,  and  parallel  to  one 
another,  through  the  internodes,  and  form  annular  coils  in 
the  nodes.  The  *  essential '  air-cavity  occupies  the  largest 
part  of  the  woody  portion  of  each  vascular  bundle  ;  one  or 
more  vascular  cells  project  into  it  on  each  side  ;  and  its 
outer  part  is  formed  of  elongated  parenchymatous  cells 
containing  starch.  Two  other  groups  of  vascular  cells  are 
found  on  the  cortical  side  of  the  bundle.  The  bast-portion 
contains  three  elements  \  parenchyma,  bast-fibres,  and 
sieve-tubes  ;  it  lies  between  the  four  groups  of  vascular  cells 
and  the  vascular  bundle  sheath.  In  the  root  is  an  axial 
bundle  of  vascular  cells  surrounded  by  elongated  parenchy- 
matous cells,  with  which  sieve-tubes  and  bast-fibres  are  inter- 
mixed. The  sporangia  are  capsules  placed  on  the  under  side 
of  scales  belonging  to  the  fructification  (Fig.  443  n.).  The 
fructification  or  receptacle  is  often  placed  on  special  shoots 
which  are  distinguished  by  their  external  form  and  by  their 
brown  colour  from  the  sterile  green  stems  (Fig.  443  i.). 
The  spores  are  provided  with  two  hygrosQopic  bands  or 
elaters  (Fig.  443  in.),  only  loosely  attached  to  them  [formed 
by  the  splitting  into  narrow  strips  and  the  partial  detaching 
of  the  exospore  or  outermost  of  the  three  coats  of  the  spore, 
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and  serving,  by  their  hygroscopic  properties,  to  assist  in 
their  dissemination].  On  germination  the  spore  gives  rise 
first  to  a  flat  pro-embryo  or  proihallium,  upon  which  are 
produced,  in  some  species  only  one,  in  others  both  kinds  of 
reproductive  oi^ans,  antheridia  and  archegonia  (Fig.  445) ; 


{*  30); 


the  former  species  being  therefore  dioecious,  the  latter  mon- 
cecious.  In  the  antheridia  are  developed  a  number  of 
motile  antherozoids  ;  in  the  archegonia,  as  in  Mosses,  a 
single  central  cell  containing  an  oosphere,  which,  after  im- 
pregnation, developes  gradually  into  the  young  plant  'J'he 
alternation  of  generations  is  therefore  precisely  similar  to 
that  of  Ferns.  The  Equisetaceas  are  also  propagated  in  a 
vegetative  non-sexual  manner,  by  means  of  subterranean 
stolons  and  tubers  (Fig.  443  iv.,  p.  318). 

The  class  includes  only  a  single  genus,  Equiselum.     A  quantity  of 
silica  is  deposiled  in  the  stems,  and  especially  in  ihe  e:^ui«v(nv>  .  E.. 
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hyemaU  being  on  this  account  especially  used  as  a  substance  for  polish- 
ing, under  the  name  of  *  Dutch  rushes.'  E.  arvense  is  a  troublesome 
weed.     \CalamiUs  are  the  stems  of  fossil  Equisetaceae.] 

Class  IX.     Ophioglossacecs. 

The  plants  belonging  to  this  class  were  till  recently  in- 
cluded among  Ferns  ;  but  are  sufficiently  distinguished  from 
them  by  their  underground  pro-embryo,  which  is  destitute 
of  chlorophyll  ;  by  the  mode  of  development  and  the  form 
of  the  sporangia  ;   and  finally,  by  the  stem  never  branching. 
The  primary  root  seldom  branches  ;  and  the  small,  flat  stem  is 
enclosed  by  the  sheathing  base  of  the  leaf.     The  number  of 
leaves,  which  are  always  annual,  is  small ;  our  two  native 
species,  Ophioglossiim  vidgatum  (Fig.  446),  and  Botrychiun 
Lunaria,  never  producing  more  than  one  each  year.     The 
leaves  are  also  remarkable  for  the  slowness  of  their  growth; 
those  of  the  latter  species  requiring  four  years  for  their  de- 
velopment, the  first  three  of  these  being  spent  entirely  be- 
neath the  soil.     As  soon  as  the  plant  has  attained  a  certain 
age,  the  leaf  branches,  one  half  developing  into  a  receptade 
or  spike  of  sporangia,  [the  other  into  the  green  lamina  of  the 
leaf].     The  sporangia  are  not  produced  each  from  a  single 
epidermal  cell,  and  therefore  of  the  nature  of  trichomes,  as 
in  Ferns  ;  but  are  rather  entire  lobes  of  the  leaf,  the  internal 
tissue  of  which   is  the  origin  of  the  mother-cells  of  the 
spores.     In  Ophioglossum  the  sporangia  are  arranged  in  two 
rows  in  a  simple  spike  (Fig.  446  i.,  11.),  and  are  coherent; 
in  Botrychittm,  on  the  contrary,  they  are  distinct,  and  form 
a  branched  spike  or  panicle.     The  tetrahedral  spores  pro- 
duce, on  germination,  prothallia,  on  which  are  developed 
the  reproductive   organs,  antheridia  and  archegonia  ;  but 
rhe  process  of  impregnation  and  the  first  stages  of  develop- 
ment of  the  oospore  have  not  yet  been  observed.     There  is 
the  same  alternation  between  a  sexual  generation  producing 
antheridia  and  archegonia,  and  a  non-sexual  generation  pro- 
ducing spores,  as  in  the  last  two  classes.     In   Ophio^assuMf 
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there  is  also  a  vegetative  mode  of  reproduction  by  means  of 
adventitious  buds  on  the  roots  (Fig.  446  i.).    The  prevalent 
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form  of  tissue  is  p3rench}inatous  fundamental  tissue,  con- 
sisting of  long,  nearly  cylindrical  cells,  thin-walled  and  full 
of  sap,  and  nith  large  intercellular  spaces.  Both  sides  of  the 
leaves  are  covered  by  an  epidermis  provided  with  numerous 
stomata.  The  vascular  bundles  form  a  network  in  the  stem, 
the  tissue  which  occupies  the  space  between  the  meshes 
being  frequently  changed  into  scalarifonn  vessels,  so  that 
the  stem  then  forms  a  closed  hollow  cylinder.  This  often 
takes  place  only  on  one  side. 

[The  adder's- tongue,  Ophioglossum  ^idgatum^  and  the  moonwort, 
Botrychium  Lutiaria^  are  the  only  Britbh  representatives  of  the  class, 
which  comprises  only  a  very  small  number  of  species.  None  are  of  any 
economical  value.] 

Class  X.     Rhizocarpae, 

The  Rhizocarpeae  are  plants  floating  on  the  surface  or 
creeping  along  the  bottom  of  water,  and  derive  their  name 
from  the  circumstance  that  their  fructification  is  placed  at 
the  base  of  the  leaves  or  between  the  fibres  of  tfie  roots. 
From  their  mode  of  life  they  have  also  been  called  *  Hydro- 
pterides '  or  Water-ferns.     The  stem  has  a  simple  vascular 
bundle  in  its  axis,  which  branches  with  the  stem  and  also 
passes  into  the  leaves,  and  is  surrounded  by  an  annular 
layer  of  lignified  cells  and  a  parench>Tiiatous  cortex.     The 
woody  part  (xylem)  of  the  bundle  consists  of  very  thick- 
walled  vascular  cells,  among  which  occurs  here  and  there  an 
elongated  parenchymatous  cell,  while  the  bast-portion  con- 
tains parenchyma,  vessels,  and  bast-fibres.     The  root  has 
also  a  central  bundle,  which  is,  however,  surrounded  by  a 
sheath.      The     fructification     consists    of    conceptacUs    or 
sporocarps,  containing  a  number   of  sporangia  collected  in 
groups  or  sort.     The  spores  themselves  are  of  two  kinds  ; 
macrospores,  and  microspores  several  hundred  times  smaller. 
They  are  formed  in  different  sporangia,  macrosporangia  and 
microsporangia  ;   the  two  kinds  being  found  either  in  the 
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same  or  in  different  sporocarps  (Figs.  447  "■-  449  '■)■  The 
aniheridia  are  either  formed  directly  from  the  microspores,  as 
in  MarsUca  and  Pilulana ;  or,  in  Salrinia,  the  microspores 


germinate  and  produce  spore-sacs,  the  apices  of  which  de- 
velope  into  antheridia.  At  the  apex  of  the  macrospore  is  a 
papilla  of  protoplasm  from  which  is  developed  the  primary 
cell  of  the  prothalliiim  or  pro-embryo  (Fig.  449  1.  a\.     'VXnk. 
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contents  of  this  apical  papilla,  which  is  enclosed  in  the  gela- 
tinous envelope  that  surrounds  the  whole  spore,  divide, 
when  the  spore  begins  to  germinate,  into  a  central  cell  and 
several  superficial  ones.  The  latter  become  filled  with 
chlorophyll,  and  grow  into  a  body  which  is  placed  like  a 
cap  on  the  apex  of  the  macrospore,  and  then  form  the  cells 


I. 


II. 


■-,-1? 


IV. 


III. 


0— , 


Fig.  ^g.—Marstiea  salvatrix  \  I.  a  macrospore  before  fertilisation  with  its  mudbi' 
ginous  envelope  ;  the  pro-embryo  is  developed  from  the  roundish  papilla  ^  at  the 
apex  of  the  spherical  spore  (x  15);  ^microspores  (x  15),  c  single  micro^x)re 
(x  100) ;  II.  antherozoid  with  its  attached  vesicle  (x  6go) ;  III.  pro-embryo  with 
oospore  seen  in  transverse  section ;  the  spherical  oospore  o  has  already  a  cell-waQ 
Tx  200)  :  IV.  young  plant  seven  days  later  still  attached  to  the  spore/ (x  7) 
(all  after  Hanstein). 


which  immediately  surround  the  central  cell,  and  which 
therefore  constitute  the  archegonium.  At  the  proper  time 
one  or  more  antherozoids  force  themselves  through  the  neck 
of  this  archegonium,  and  presumably  disappear  in  the  in 
terior  of  the  central  cell,  Le.  in  an  oosphere.  The  oospore 
or  fertilised  oosphere  then  becomes  surrounded  by  a  cell- 
wall  (Fig.  449  III.,  o\  divides  into  new  cells,  and  gradually 
grows  into  a  new  plant  (Fig.  449  iv.).     In  their  alternation 
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of  generatioife  Rhizocarpeae  do  not  differ  from  the  other 
classes  of  Vascular  Cryptogams.  Salvinia  (Fig.  447)  is 
absolutely  rootless.  On  the  older  parts  of  the  plant  the 
leaves  stand  in  whorls  of  three,  the  two  upper  leaves  of  the 
whorl  being  aerial  leaves  with  entire  margins,  the  lower  one 
a  submerged  leaf  divided  into  very  narrow  root-like  seg- 
ments. 

The  European  genera  of  Rhizocarpeae  are  only  three,  which  are 
classified,  as  follows,  into  two  orders  : — 

1.  Marsileacea.  Perennial  plants  creeping  in  mud;  the  micro- 
sporangia  and  macrosporangia  are  contained  in  the  same  sporocarp: 
Marsilea^  Pilularia. 

2.  Salviniacete,  Annual  plants  floating  on  water  ;  the  microspo- 
rangia  and  macrosporangia  are  formed  in  different  sporocarps  : 
Salvinia. 

Only  one  other  genus  is  known  in  addition  to  the  above,  Azolla, 
[belonging  to  the  Salviniaceae].  The  sporocarps  of  several  Australian 
species  of  Marsilea  are  known  as  '  nardoo, '  and  are  used  by  the  natives 
as  an  article  of  food. 


Class  XI.     Lycopodiacece, 

The  plants  belonging  to  this  class  present  so  many 
diversities,  especially  in  relation  to  their  vegetative  organs, 
that  they  might  well  be  distributed  into  several  classes. 
The  true  Lycopodiece  (Fig.  450  a)  have  a  procumbent  ^tem 
which  usually  dichotomises  repeatedly,  the  branches  extend- 
ing in  all  directions.  The  Selaginellece  (Fig.  450  b)  have 
also  a  procumbent  stem  which  branches  dichotomously, 
but  the  branches  develope  only  in  one  plane,  so  that  the 
plant  presents  an  external  resemblance  to  the  Junger- 
manniese  among  the  Hepaticae.  In  both  these  families  the 
leaves  are  simple,  sessile,  and  with  a  single  central  vein  ; 
but  in  the  Lycopodieae  all  the  leaves  are  of  the  same  size 
and  arranged  spirally  on  the  stem,  while  in  the  Selaginelleae 
they  are  placed  in  four  rows,  and  are  of  different  sizes,  the 
lateral   rows   consisting   of   larger,   the   uppex   ^xv^   xnxv^^^ 
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(iMliinlaBl;  II.  small  leaf  or  brae    bfsnW  a  ^?f.*"r  ™7P^ 
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rows  of  smaller  leaves.  In  both  families  a  number  of 
adventitious  roots  are  produced  on  the  under  side  of  the 
stem  facing  the  ground,  and  the  stem  contains  an  axial  vas- 
cular bundle.  In  contrast  to  these  two  families,  which  are 
both  terrestrial,  is  a  third,  the  Isoetece  (Fig.  451),  consisting 
of  aquatic  plants  with  a  simple  cylindrical  but  only  slightly 
developed  stem  and  elongated  grass-like  leaves.  The  single 
genus  belonging  to  this  family,  Isoetesy  is  the  only  one  at 
present  known  among  Cryptogams  in  which  the  stem  per- 
manently increases  in  thickness ;  and  this  takes  place  by  an 
annual  formation  of  new  masr.es  of  tissue  round  the  cen- 
tral vascular  bundle,  the  older  ones  gradually  dying  off  on 
the  outside.  Since  this  process  takes  place  almost  entirely 
at  two  spots  directly  opposite  to  one  another,  the  stem  ul- 
timately has  the  form  of  a  plate  or  disc  (Fig.  451  11.).  The 
axis  of  the  stem  is  occupied  in  all  the  Lycopodiaceae  by 
one  or  several  vascular  bundles  separated  from  one  another 
by  intermediate  parenchymatous  fundamental  tissue  (Fig. 
452).  In  the  Selaginelleae  the  vascular  bundle  is  connected 
with  the  cortex  by  a  very  loose  spongy  tissue,  so  that  it 
appears  to  lie  almost  isolated  in  a  cylinder  filled  with  air 
and  connected  with  the  walls  only  here  and  there  by 
parenchymatous  cells.  In  the  other  families  of  the  class  a 
sheath  of  thick-walled  prosenchymatous  cells  arranged  in 
layers  takes  the  place  of  this  spongy  tissue  (Fig.  452  s). 
The  structure  of  the  vascular  bundle  itself  is  always  uniform. 
The  xylem-portion  consists  of  wider  vascular  cells  in  its 
inner,  of  narrower  vascular  cells  in  its  outer  part ;  the  bast- 
portion  possesses  vessels,  fibres,  and  parenchymatous  tissue. 
The  axial  vascular  bundle  sends  out  ramifications  into  the 
branches  and  leaves. 

In  all  the  Lycopodiaceae  the  fructification  takes  the 
form  of  sporangia  or  capsules  which  burst  open  when  ripe, 
seated  in  the  axils  of  the  leaves,  and  often,  as  in  Lycopodium, 
constituting  a  peculiar  spike-like  receptacle. 

The  families  Selaginelleae  and  Isoeteae  have  two  Viccv^'s* 


3  3°  Structural  and  Physiological  Botany. 


Fic.  ^ss,—I•Blla  liKiaMi :  I.  [be  whole  plinl  (natural  <ja> :  II.  tnrivene  secuni 
(hmighlhe  peculiuty  Ihickened  ueni  (naluial  tiie);  III.  mactrnpon  (x  60): 

IV.  Icmgiludinal  sectioalhroughthe  pTD-embryawiihanmhegiinium  afx  a): 

V.  micTiKpore  with  three  inDIhct-cell«  of  anihcrsinds  (x  500) ;  VI.  anlhenKOid 


Fic  4S1,— Tnuuvene  SKiion  [hrough  ihe  stem  of  L^ctifimJiKm  anHotiHim ;  □  qri- 

shealh  or  Ihe  thin-walled  paranghyma  surroundlnn  the  iiaoAii  'Wmi&i-.w. 
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of  sporangia  (Fig.  450  b,  ii.,  hi.)  :  macrosporangia,  in 
which  are  formed  four  large  mcurospores  ;  and  microsporan^ 
in  which  a  greater  nuniber  of  niuch  smaller  spores,  the  mi- 
crospores^ are  developed.  The  microspores  are  the  an- 
theridia,  and  break  up  into  a  sniall  number  of  cells,  one 
of  which  remains  unproductive  and  may  be  regarded  as 
an  abortive  pro-embryo,  while  antherozoids  are  developed 
in  the  remainder.  The  macrospores,  on  the  other  hand,  as 
in  the  Rhizocarpese,  produce  a  transitory  pro-embryo  or  pro- 
thallium,  which  bears  archegonia  opening  outwardly  (Fig. 
449, 1,  IV.),  and  in  their  interior  a  central  cell  with  its  oosphere. 
In  the  Isoeteae  the  pro-embryo  entirely  fills  up  the  macro- 
spore  ;  while  in  the  Selaginelleae  it  is  attached  to  its  apex 
as  a  cap-shaped  appendage.  After  fertilisation,  which  pro- 
cess has  not  yet  been  directly  observed,  the  embryo  is,  in 
Isoetes,  developed  directly  from  the  oosphere,  while,  in  Sela- 
giJiel/a,  the  latter  forms  at  first  a  filiform  suspe/isor^  on  which 
the  young  plant  is  then  developed.  The  mode  of  reproduc- 
tion of  the  I^ycopodieae  is  still  unknown,  and  at  present 
only  one  kind  of  spore  has  been  observed  in  them,  corre- 
sponding in  its  external  characters  to  the  microspores  of  the 
other  families.  It  is  obvious  that  there  is  in  the  Lycopodi- 
acese  an  alternation  of  generations  resembling  that  which 
prevails  in  other  Vascular  Cryptogams.  They  are  also  pro- 
pagated in  a  non-sexual  vegetative  manner  by  means  of 
gem77ice^  that  is,  by  buds  formed  in  the  axils  of  the  leaves, 
which  become  detached  from  the  parer,t-plant  and  develope 
into  new  individuals. 

[The  Lycopodiaceae  are  divided  into  three  families,  as  under : 

1.  Lycopodiece.  Terrestrial  plants  with  small  leaves  all  of  one  size ; 
only  one  kind  of  spore  known :  Lycopodiuni^  Tmesipteris^  Phyllogiossum^ 
Fsilotum. 

2.  Selaginellecp.  Terrestrial  plants  with  small  leaves  of  two  differ- 
ent sizes  ;  two  kinds  of  spores  :  Selaginella. 

3.  Isoetea.  Aquatic  plants  with  long  grass-like  leaves  ;  two  kinds 
of  spores  :  IsoetesJ] 

The  number  of  species  is  about  three  hundred  ;  all  comparatively 
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small  plants ;  whereas,  in  past  geological  epochs,  plants  belonging  to 
this  class,  as  Lepidodendron,  attained  a  height  of  30,  and  a  diameter 
of  one  metre.  The  only  European  genera  are  Lycopodium^  Selagtnella^ 
and  IsQ'etes.  The  yellow  spores  of  several  species  of  Lycopoditim^  L, 
davatum^  annotimtm^  and  Selago  are  officinal,  and  are  used  for  making 
artificial  lightning.  [Several  species  are  commonly  known  as  *  stag's- 
hom-moss  '  or  '  club-moss. '] 


FLOWERING    PLANTS. 

Class  XIL     Gymnospermce, 

[The  main  characteristic  of  Gymnosperms,  as  distin- 
guished from  the  other  classes  of  Flowering  Plants,  consists 
in  the  absence  of  an  ovary,  the  seeds  being  borne  naked  on 
the  upper  side  of  the  woody  scales  which  some  consider  to 
be  the  carpels.  With  this  is  necessarily  connected  a  dif- 
ference in  the  mode  of  fertilisation  and  in  the  structure  of 
the  pollen-grains,  which  has  already  been  explained  (p.  191). 
In  their  reproductive  organs,  therefore,  the  Gymnosperms 
exhibit  a  decidedly  lower  type  of  organisation  than  Mono- 
cotyledons or  Dicotyledons,  and  in  many  respects  occupy 
an  intermediate  position  between  these  classes  and  Cryp- 
togams. The  pollen-grains  suggest  a  homology  with  the 
microspores  of  Selaginella  ;  and  the  corpuscula  or  secondary 
embryo-sacs  with  the  central  cell  of  the  archegonia  in  Vas- 
cular Cryptogams.  In  the  anatomical  structure  of  the  wood 
Gymnosperms  resemble  Dicotyledons  in  all  essential  par- 
ticulars (see  p.  356).]  The  class  is  divided  into  three 
orders  :  — 

Order  I.  CvcADEyE.  The  Cycadcae  (Fig.  453)  are  all  tropical  trees 
with  simple  stems,  resembling  Palms  in  their  habit  and  Ferns  in  the  mode 
of  development  of  their  leaves.  Their  columnar  stems  attain  a  consider- 
able diameter,  are  tuberous  or  globular  when  young,  and  often  even 
at  a  later  period,  and  bear  two  kinds  of  leaves ;  the  one  dry  brown, 
hairy,  sessile  scales  of  a  coriaceous  texture  and  comparatively  small 
size,  the  other  large,  stalked,  simply  pinnate  foliage-leaves.     They  ax^ 
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diiecioD!.     Both  kinds  of  flowers  are  always  placed  in  terminal  cooo 
at  ihe  apex  of  the  stem,  in  the  centre  of  the  crown  of  teave^  and  bin 


tth,  3  Cycad  (pvally  irdiicedX 


DO  floral  envelope  or  perianth,  but  consist  simply  of  an  axis,  wludi  b 
in  the  one  case  densely  covered  with  stamens,  in  tbe  other  case  ban 
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the  ovules.  The  two  co«yIe<lons  are  unlike  in  form,  are  connarewiil 
.iiic  arullior  al  their  apex,  ami  remain,  on  gemiination,  enclosed  inlbi 
a[bumin<m^  see-l,  Tlie  pith  of  some  species,  as  tlie  tast  Indian  Cyie 
.irfinalii.  nnd  ihe  South  African  Kuapbalarlos  lanusiHOSHS,  ^Saii. 
kiiwl  <>(  s;i,;ii.   [PrinciiKil  genera;  Cyms,  SlaugeHa,  Dibon,  Encepkdala, 

OiJ,t2,  Conikek*.  Trees  or  shrubs,  with  stems  growiiigai  iter 
a]i:x  Uir  not  iinfr«|Uc;nll)f  several  centuries,  and  alUlning  aheielHol 
200  or  300  teet  .ir  mute.  iTifher  ail  Ihc  leaves  have  the  form  ol  follag^ 
li-avcs,  a*  in  Jiiiiijvrui  and  l^iija,  or  (oliage- leaves  allemale  Billi 
niemhranous  scales  which  serve  lo  pn>tec(  the  buds,  as  in  (he  AbieliDet. 
Tlie  k-avK  are  small,  usually  acerose  (Fig.  454),  and  endure  for  scvciil 
years,  and  ihe  plants  are  therefore  eve^een.  The  flowers  ate  aiivip 
inctirniilelc  [without  perianlh),  and  either  moncecious,  aa  in  Aka  or 
lUreciiius,  as  in  the  yew  and  juniper.  The  male  floH'ers,  which  at 
often  iiicorteelly  called  catkins,  bear  Icaf-hke  or  scale-hke  bract^^  w 
■he  luwer  end  of  a  common  axis,  and  at  the  upper  end  a  number  of 
namens.  The  female  flowers  are  of  various  forms,  and  are  either  sol iliil 
or  united  into  peculiar  cone-like  inflorescences.  In  the  Cutreuiiin 
(I'igs.  455.  456)  the  stamens  are  broad,  and  bear  two  or  three  poUm- 


lled). 


sacs  on  a  shield-like  mid-rib.  The  ovules  are  erect  and  oriholn^w^ 
and  stand  in  the  axilsof  the  bracts  or  carpellary  scales.  In  some  gcntii, 
OS  Thnja  and  Cupressus,  the  fruit  is  a  cone  ;  in  others,  as  yuniptrus,  iii* 
berry-like,  and  formed  by  the  coalescence  and  softening  of  several  tenuk 
flowers.  The  embryo  has  two  or  three  cotyledons,  which  remain  id 
the  ground  on  germinati  hi.  The  fruit  of  the  juniper,  yuniperui  n'*' 
miiiiis,  is  oflicinal,  anil  is  applied  lo  many  purposes ;  as  also  are  ttc 
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young  bianchesoftha  poisonous  sav'tne,  Juniperu*  Sabma,  and  the  resin 
from  the  Nonh  African  Callilris  quadrivalvis.  The  anthers  of  the 
Taxinta  (Fig.  457)  are  2-g-lobed.  The  erect  nvules  (see  Fig.  328, 
p.  154),  which  are  either  solitary  or  arranged  in  groups  on  a  special 
brand],  and  either  terminal  or  lateral,  dc  •'elope  into  nut-like  seeds 
surrounded  by  a'  mote  oi  less  thickened  a  id  fleshy  envelope  or  aril. 
The  embryo  has  two  cotyledons  which  in  some  genera  rise  above  the 
ground,  while  in  others  they  do  not.  The  poisonous  leaves  of  (he  yew, 
Taxm  baicala,  are  officinal.  The  Abielhtea  (Figs.  454,  p.  335  ;  458, 
459)  approach  the  Taxineasin  their  two-lobed  anthers,  and  IheCupressinea 


Fig.  4S8.-LaKh  (/■«■«  LarW) ;  I. 
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in  (heir  fruit,  which  is  a.cone  ;  but  difler  from  both  these  suborders  in 
their  anatropous  ovules  with  the  micropyle  directed  downwards,  and 
in  the  number  of  their  cotyledons,  which  varies  from  five  lo  twelve 
[or  rather  from  two  to  fifteen].  The  cone  is  also  constructed  differently 
from  that  of  the  Cupressineze,  being  composed  of  imbricate  btacu  mA 
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caq>ellary  scales,   each   of  which  bears   two  winged    ovules.    These 
scales  overtake  in  their  growth  the  bracts  which  are  situated  between 
them,  and  which  are  arrested  in  their  growth  and  become  coriaceotts 
or  woody.  The  cedar  of  Lebanon,  Cedrus  Libam,  is  of  historic  interest, 
but  has  now  nearly  died  out,  and  is  related  to  the  exotic  Araucariex. 
The  best-known  European  representatives  of  the  sub-order  are  the  Scotch 
fir,  Pintis  sylvestrh,  the  Spruce  fir,   Pimis  excelsa,    the  larch,  Larix 
furoptra,  [and  the  stone  pine,  Pimts  P/hm.]    The  various  trees  belonging 
to  it  are  of  the  highest  value  for  a  great  variety  of  purposes  ;  the  wood 
being  employed  for  fuel  and  for  building  purposes,    for  joining  and 
turning  work,  for  the  manufacture  of  musical  instruments,  &c.  [and  for 
the  navy].    The  wood  of  the  root  is  lighter  and  is  less  used  for  fuel  than 
that  of  the  trunk,  but  is  richer  in  resinous  substances,  and  therefore 
more  serviceable  for  the  production  of  tar.     Pinus  sylvcstris^  Pinta^ 
tiioriaiitSy  and  Pinasier^  all  yield  common  turpentine,  from  which  tur» 
pentine-oil,  pine-resin,  colophony,  and  pitch  are  obtained.      Venetian 
turpentine  is  prepared  from  the  larch.     Abies  balsamea  and  canadensis 
of  North  America  yield  Canada-balsam  ;  Dammara  ori^ntalis  from  the 
Moluccas,  and  D.  nustralis  from  New  Zealand,  the  D.immar  re>in  or 
kauri-gum.     Piniles  iucciuifer  is  one  of  the  extinct  sources  of  amber. 
The  starchy  iind  oily  seeds  of  Pinus  Pinea  and  P.  Cembra  are  etlible. 
Many  of  the  resins  and  volatile  oils  are  officinal.     [Principal  genera  :— 
Araucnria^   Dammara^  PinuSy  Larix^    CfdruSj  Picea^   Abies^  Setjiick^ 
Cryptomeria,    TaxotiiuiUy  Frenela,   Callitris,  Libocedrtis^    Thuja,  Bv^a^ 
CnpressHS^    JuniperuSy      Taxus,     Torreyay    PhyUocladuSy     Salisburia, 
Cephalolaxus.  ] 

Order  3.  GNETACE^t.  To  this  order  belong  only  three  genera,  of 
remarkably  different  habit.  The  various  species  of  Ephedra  are  shrubs 
destitute  of  foliage -leaves,  with  long  slender  cylindrical  green-barked 
branches ;  at  the  joints  of  the  stem  are  two  opposite  minute  leaves, 
which  grow  together  into  a  bidentate  sheath,  and  from  their  axils  spring 
the  lateral  branches.  In  Git et tun  the  leaves  are  also  opposite  on  the 
jointed  stem,  but  are  stalked,  and  have  a  broad  lanceolate  lamina. 
Wdwitschia  mirahilis,  the  only  representative  of  the  third  genus,  never 
has  more  than  two  leaves,  but  these  are  of  immense  size,  and  are,  ap" 
parently,  the  cotyledons. 

Class  XIII.     Monocotyledones. 

The  embryo  has  only  one  cotyledon.  The  perianth  is 
simple,  or,  when  double,  without  distinction  of  calyx  and 
corolla,  and  the  prevalent  number  of  its  parts  is  three  or  six. 
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The  stem  in  its  young  state  is  always  provided  with  an 
epidermis,  the  cells  of  which  often  contain  silica,  as  in 
Grasses  and  Palms,  giving  the  surface  a  vitreous  appearance. 
The  simple  cortex  consists  of  polygonal  or  roundish  paren- 
chymatous cells,  among  which  are  sometimes  formed  strongly 
thickened  cubical  sclerenchymatous  cells,  prosenchymatous 
cells  and  bast-vessels.  When  very  young  the  cortex  is 
separated  from  the  subjacent  tissue  by  an  annular  layer  of 
formative  tissue,  or  cambium-sheath,  in  which  the  vascular 
bundles  are  formed ,  but  the  cambium  possesses  in  general 
only  a  limited  Activity ;  and  when  this  is  exhausted,  the  stem 
no  longer  continues  to  increase  in  diameter  at  that  spot ; 
the  cortical  parenchyma  then  passes  over  gradually  into  fun- 
damental tissue,  or  is  separated  from  it  by  the  lignified 
cambium-sheath  (Fig.  460  i.,  v.).  The  vascular  bundles 
stand  singly  in  the  fundamental  tissue  ;  and  as  they  con- 
tinue to  develope  in  the  tissue  in  which  they  lie,  they  do 
not  grow  in  a  vertical  direction,  but  turn  towards  the  pith  ; 
and  from  there,  again  bending  outwards,  pass  into  the 
leaves.  In  this  course  they  must  necessarily  cross  the 
cambium-sheath ;  and  at  the  place  where  this  happens  the 
bundle  branches,  one  branch  entering  the  leaf  through  the 
cortex,  the  other  taking  a  similar  course  to  the  next  older 
bundle.  When  a  number  of  bundles  have  been  formed  in 
this  manner,  every  bundle  which  bends  from  the  inner  to 
the  outer  portion  of  the  plant  must  cross  all  the  younger 
ones  in  succession  (Fig.  460  11.).  The  fibro vascular  bundles 
are  necessarily  closed,  in  contrast  to  the  open  bundles  of 
Dicotyledons  and  Gymnosperms.  The  temi  Endogms  was 
previously  ^applied  to  Monocotyledons  [and  still  is  com- 
monly in  works  on  Descriptive  Botany],  because  it  was 
thought  that  the  vascular  bundles  originated  in  the  centre 
of  the  stem,  and  grew  outwardly  only  in  order  to  enter  the 
leaves  (see  Fig.  95,  p.  68). 

In  many  species  the  course  of  the  vascular  bundles  is 
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essentially  different  from  this,  passing  through  the  separate 
internodes  in  a  parallel  direction,  while  they  bend  irregularly 
and  biranch  in  the  nodes.  This  occurs,  for  example,  in 
the  culms  of  Grasses,  and  may  be  compared  with  their 
course  in  Equisetaceae  (see  p.  320).  The  pith  also  disappears 
at  a  very  early  period  in  these  cases,  from  rupture  and  desic- 
cation, and  probably  also  partly  from  resorption,  so  that 
the  stem  subsequently  becomes  hollow. 

The  separate  vascular  bundles  are  m  general  more  highly 
developed  than  in  the  classes  already  described  ;  but  their 
increase  in  thickness  is  limited,  and  soon  ceases.  The  xylem- 
portion  of  the  bundles  may  consist  of  prosenchyma,  vessels, 
and  parenchymatous  cells;  the  bast-portion  of  bast-fibres, 
sieve-tubes,  and  parenchymatous  cells,  with  which  are  some- 
times associated  laticiferous  vessels.  The  prosenchymatous 
cells  are  sometimes  more,  sometimes  less  strongly  thickened, 
but  always  lignified,  and  have  a  smaller  number  of  scattered, 
slightly  bordered,  oval  pits;  sometimes  they  are  pointed 
at  the  ends,  forming  a  prosenchymatous  tissue,  and  re- 
semble elongated  parenchymatous  cells.  The  bast-fibres  are 
of  similar  structure,  but,  as  a  rule,  more  pointed.  The 
vessels  of  the  xylem- portion  are  annular,  spiral,  reticulated, 
or  pitted.  It  is  not  uncommon  also  to  find  single  vascular 
cells  not  united  with  others  into  true  vessels.  The  lateral 
walls  of  the  sieve-tubes  are  usually  horizontal,  and  provided 
with  sieve-discs ;  the  partition-walls,  on  the  contrary,-  are 
mostly  smooth,  and  only  rarely,  when  united  in  growth  with 
similar  ones,  also  penetrated  by  sieve-pores,  thus  forming 
conducting  sieve-cells.  The'  parenchymatous  cells,  both  of 
the  xylem-  and  of  the  bast-portion,  are  usually  elongated,  and 
hence  resemble  prosenchymatous  cells  ;  but  always  have  hori- 
zontal partition- walls,  and  are  either  not  at  all  lignified,  or,  at 
all  events,  less  so  than  the  prosenchymatous  cells.  The 
laticiferous  vessels  are  also  sometimes  found  outside  the 
vascular  bundle  :  and  are  then,  when  they  contain  raphides 
^nd  belong  to  the  cortex,  called  utricular  vessels.     The  ar- 
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rangement  of  these  separate  elements  of  the  vascular  bundles 
of  the  stem  is  in  general  as  follows  (see  Figs.  93,  94,  pp.  65, 
66).     At  their  inner  side  next  the  pith  is  a  bundle  of  prosen- 
chymatous  cells,  and  in  close  contact   with   this  are  the 
vessels  and  vascular  cells,  which  are  partly  surrounded  by 
the  parenchymatous  cells  of  the  xylem,  partly  intermingled 
with  them.     Then  follows  an  easily  distinguished  thin-w2dled 
part  consisting  of  sieve-tubes,  conducting  sieve-cells,  and 
parenchymatous  cells  belonging  to  the  bast-portion;  and 
finally,  towards  the  cortex,  a  bundle  of  bast-fibres.     Some- 
times the  bundles  of  fibres  of  the  xylem  and  the  bast  coalesce 
laterally  with  one  another  by  means  of  narrower  or  broader 
groups  of  prosenchymatous  cells,  so  as  to  form  a  closed  ring 
surrounding  the  other  elements  of  the  vascular  bundle. 

The  root  of  Monocotyledons  has  an  epidermis  pro- 
vided with  numerous  root-hairs.  The  cortex  is  parenchy- 
matous, and  is  often  differentiated  into  an  outer'  and  an 
inner  cortex.  It  is  frequently  separated  from  the  inner  por- 
tions by  a  sheath.  The  vascular  bundle  forms  a  closed 
hollow  cylinder  which  encloses  the  central  pith.  The  bast- 
cells,  which  are  usually  elliptical,  lie  between  the  radially 
placed  vessels  of  the  xylem.  The  xylem-  and  the  bast-portions 
of  the  vascular  bundle  are  separated  by  prosenchymatous 
cells.  The  bast-portion  consists  of  sieve-tubes  lying  within 
and  of  bast-parenchyma  pressed  outwards. 

The  leaves  are  penetrated  by  fibrovascular  bundles. 
When  several  enter  a  leaf,  they  may  first  unite  into  a  leaf- 
stalk, or  may  be  separated  in  their  entire  course,  as  occurs 
in  many  sessile  leaves,  like  those  of  Grasses.  The  xylem- 
portion  of  the  bundle  faces  the  upper,  the  bast-portion  the 
under  side  of  the  leaved.  The  skeleton  of  the  leaf,  formed 
of  the  vascular  bundles,  is  surrounded  by  the  parenchyma 
of  the  leaf.  This  parenchymatous  portion  or  mesophyU 
separates — independently  of  the  epidermis,  which  is  always 
present  and  is  provided  with  stomata  and  often  with  hairs-* 
into  two  layers,  the  upper  layer  consisting  of  cylindrical,  the 
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under  of  rounder  cells ;   the  latter  being,  therefore,  of  £^ 
looser  texture  and  often  penetrated  by  wide  air-passages* 

[The  following  are  the  more  important  orders  of  Monocotyledons, 
arranged,  with  slight  variation,  according  to  Bentham  and  Hooker,  those 
of  less  importance,  and  even  one  or  two  of  the  cohorts,  being  omitted  : 

Division  I.    Flowers  glumaceous. 

Cohort  I.  Glumales.  Flowers  in  the  axils  of  scales  (glumes), 
which  are  arranged  in  spikelets  ;  perianth  absent,  or  consisting  of 
minute  scales  or  hairs  or  bristles  ;  •  stamens  one  to  three,  rarely  more  ; 
ovary  unilocular  with  one  ovule ;  fruit  a  caryopsis;  endosperm  fleshy  or 
floury  ;  embryo  immersed  or  not.     Grasses  or  grass-like  herbs. 

Order  I.  GraminEv*:.  Perianth  absent,  or  of  two,  rarely  three  or 
six  minute  oblique  scales  ;  anthers  versatile  ;  fruit  grooved  on  one  side ; 
embryo  outside  the  endosperm  on  one  side  of  its  base  ;  stem  usually 
fistular,  terete  ;  leaf-sheaths  split  to  the  base.]  Herbs,  rarely,  as  in 
the  bamboo,  woody,  shrubby  plants  ;  the  cylindrical,  usually  hollow, 
stem,  septated  at  the  nodes,  is  called  a  culm.  At  the  point  of  union 
of  the  divided  leaf-sheath  and  the  lamina—  which  is  always  entire  and 
parallel-veined— is  a  membranous  structure  [of  astipular  character],  the 
ligiile  (Fig.  147,  p.  92).  The  flowers  are  hermaphrodite,  seldom  monoe- 
cious, as  in  the  maize,  and  are  usually  arranged  in  a  panicle  or  spike, 
which,  however,  bears  secondary  spikes  or  spikelets  instead  of  flowers. 
Each  of  these  spikelets  (Fig.  461)  consists  of  a  rachis,  on  which  are  placed 
the  small  inconspicuous  flowers,  concealed  among  closely  crowded  foliar 
structures.  The  two  lowermost  of  the  scale-like  bodies  usually  have 
no  flowers  in  their  axis,  and  thus  sei*ve  as  a  common  envelope  for  the 
whole  spikelet,  and  are  termed  ghttnes.  The  flowers,  which  are  ar- 
ranged in  two  rows,  are  solitary  in  the  axils  of  the  next  scales  ;  and 
since  each  flower  has  also  at  its  base  a  special  scale,  it  has  two  belong- 
ing to  it,  which  are  called  palea^  an  exterior  or  inferior,  and  an  in- 
terior or  superior  one.  The  inferior  pale  has  a  mid-rib,  which  is  often 
prolonged  at  the  apex  into  a  bristle,  projecting  from  the  back  of  the 
pale,  and  is  called  an  aian  (Figs.  462,  463).  The  inner  pale  has  no 
midrib,  but  often  two  lateral  nerves,  and  is  hence  bidentate  at  the  apex. 
Within  the  paleae,  and  alternating  with  them,  are  two,  rarely,  as  in 
the  sugar-cane,  three  minute  scales,  the  lodicules^  which  correspond  to 
the  perianth.  The  stamens  are  three,  rarely  two  (in  Anthoxanthum), 
or  six  (in  the  rice),  the  anthers  being  versatile  at  the  end  of  long  fila- 
ments (Fig.  270,  p.  138).  The  ovary  is  superior,  unilocular  and  with 
a  single  ovule,  and  usually  bears  two,  less  often  (in  A'ardui\  orv^^  ctv 
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(in  (he  Mgar-cane)  three  stigmas.  The  fruit  has  a.  diy  pericarp,  and  ii 
on  indehiscent  raryepiii,  Ihe  seed  adhering  in  ils  growth  to  the  pencup 
and  often  to  the  palex.  The  embryo  is  small,  on  (he  onlslde  of  i 
large  floury  etkdospcnn,  and  is  enveloped  by  the  single  Uige  cotyledon 


II  r  diajErac 

Elumn:  IV,  loneuuduul. 

^      '     ilelliim);cpluiiiul 


3ST>ena ;  c  the  sin^  confc- 

luuts  (gr«uly  nacDiMi, 
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which  is  called  the  scuttUum  (Pig.  461,  iv.) ;  [though  (he  scutellum  is 
by  some  considered  an  outgrowth  of  the  aiisj.  The  Grasses  constitute 
one  of  the  largest  orders  in  the 
vqjeuble  kingdom,  and  are  uni- 
versally distributed,  but  form 
meadows  only  in  the  temperate 
zone.  Many  genera  are  culti- 
vated for  [he  sake  of  the  nulri- 
inent  contained  in  the  seed,  and 
form  our  cereal  crops.  Among 
these  are  wheat  Tritictan  vul- 
SO>'i,  spelt  T.  spdta,  lye  Steale 
crrtalt,  barley  Hordeumvulgare,  f^  461.— Swd  o( 
htxasikhon,  and  other  species,  Daclylii  glm- 
various  species  of  oat  Avtna,  niinJ  awn. 
millet  PanuTiM  miliaccum, 
maiie  or  Indian  com  Zea  Mais,  "  ""' """'  '"''■ 

rice  Oryia  salrua,  and  Egyptian  millet  Sgrgkiim  vulgart.  The  seeds 
of  many  species,  especially  wheat,  contain  gluten  (protein)  in  addition 
to  starch.  Sugar  occurs  in  the.slem  of  most  Grasses,  but  chiefly  in  the 
Sugar-cane,  Saccharum  efficinarum.  Among  officinal  products  are 
the  rhizome  of  the  couch-grass,  Trilicum  rrptas.  Among  the  more 
serviceable  meadow-grasses  are  Attthoxantkum  odoraliim,  Ahpecurui 
pratmHs,  PhUum  fraleast,  Agrostis  vulgaris,  Holcia  lattatus,  Avcna 
fiaviicetis  and  pubescens,  Bnza  media,  Poa  annua,  trivialis,  and  /ra- 
tensis,  Daclylis  g/nnierala,  Cynosums  criilaliis,  Fesluca  miina,  pratensis, 
rubra,  and  flatior,  Brotnus  mollis,  and  Lgliam  ftretmi.  The  largest 
species  is  the  East  Indian  ibamboo,  Bamhisa  arundinacta  (Fig.  464), 
30  lo  60  feet  high.  [Important  genera ;  ^Andropegf>n,  Panicum, 
Digitaria,  Sitaria,  Ziianiit,  Oryia,  AKlAo-xanlhiim,  Phalaris,  Zea, 
Coix,  Phltiim,  Alopeiums,  Agroslis,  Milium,  Mairoehloa,  Slipa,  Cal- 
auugoslij,  Arundo,  Pliragmiles,  Ammophila,  Cynodoii,  Sparlina,  Aim, 
Arrhtnalkerum,  Avtna,  HUcas,  Pea,  Clyeeria,  Briia,  Melica,  Mdinia, 
-Daclylii,  Cynosums,  Feslaea,  Bromus,  Bambusa,  Loliiim,  Triticum, 
£lymus,  Nardus,  Hordeum,  Sceale,  Sorgham,  Saeehariim.  ] 

Order  2.  Cyperace*.  Perianth  absent  or  consisting  of  liristles, 
rarely  scales,  or  of  asheathing  bract;  anthers  basifixed;  fruil  compressed 
or  trigonous ;  embryo  at  the  base  of  endosperm ;  stem  usually  sohd  aitd 
triangular ;  leaf-sheaths  entire.  Perennial  plants  of  grass-like  habit, 
often  with  creeping  undei^ound  tuberous  rhizomes  (Fig.  465).  The 
aerial  portion  of  the  stem  is,  with  the  exception  of  (he  inflorescence,  uit- 
branched,  unseptated,  and  usually  triangular ;  the  leaver  exe  ^'\  ts^u:^ 
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with  1  >liealtiini>  but  not  split  liase,  and  no  ligule ;  the  lamina  is  paialH- 
vcinuJ.  and  often  ihree-edEed.      The  flowers  are  arranged  in  spilie^ 


a,  Ihe  bamboo  ([ratiy  reduced), 
panicles,  capilula,  or  cymes,  and  are  either  hemiaphrodite  or  diclinoos, 
and  in  the  latter  case  usually,  ai  in  Carez,  the  male  and.femak  fltno* 
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re  placed  in  different  spikes  on  the  same  siem.     Each  flower  stands 
n  the  axil  of  a  bract,  which  is  called  a  glumt  or  pcdi,  two  of  these 


Fro.  i«j.— Ci 

pales  usually  occurring  in  each  flower  ;  and  then  (he  inner  one  Is  either 

adherent  to  the  racliis,  or,  as  in  Cai-ex  is  transformed  into  a  sheathing 

bag  or  tilrkh  enclosing  the  flow         The 

genera    with   hermaphrodite    flowers   a  e 

either  enlirely  destitute  of  a  penan  h    as 

Cyfiems  (Fig,  466}  and  Cladiun    o         s 

composed  of  bristles,  either  few  n  numb 

as  in  Sdrp4s  and  Rhyneheipffra,  o    n  la  g* 

numbers,  and  m  that  case  forming  a  u    of 

hairs  closely  resembling  cotton-«  00  spring 

ing  from  the  inflorescence,  as  in   he   ot  on 

grass,   Eriophoriim.     In   Carex    he  ma  e 

flower  consists  of  three  stamens,   h    fema 

flower  of  a  tubular  envelope,     he  u 

surrounding  the  free  ovary,  wh    h      g  n 

rally  unilocuUr  and  onesceded   bu        h 

three  sligmas  (Fig.  467).     The    ru         a       ;;';d~m-pi' bed   ' 

caryopsis  ;  (he  small  embryo  is  surrounded 

by  the  floary  endosperm.     The   hi^ome  of  many  Cype  a    a;  is  rich  in 

starch  and  gelatine ;  and  that  of  C}fe  n  nasi  aaon.sj»i^=' 


.f  Cyprras 
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of  food  in  Ihe  South  of  Europe  ;  several  species  of  Carat  sr 
cin»l.  Fafyms  anli^iiomm,  the  papyrus  of  Egypt  and  Sicily,  was  IIk 
firsl  malerial  used  as  paper.  [Principnl  genera  r — Papynis,  Cypma, 
Elta&arii,  Erispluirum,  Stirfia,  Isaiifiis,  3c/ianus,  Cladium,  Rkyiula- 


Fio.  467.-1.  Ma]( 


Division  n.  Flowers  petaloid.  Ovary  inferior  {■atiih  afewii- 
ceptioni).  Perianth  usually  distinct,  in  fmo  rows,  and  eohani 

[Cohort  II.  Amomales.  Albumen  (perisperm)  floury  ;  emblTii 
distinct ;  flower  usually  hermaphrodite  and  very  irreeular ;  perianlli 
of  five  or  six  segments  i  stamens  six,  one  or  five  with  anthers,  the  rest 
petaloid,  or  all  with  anthers  in  Bromeliaceie ;  ovary  usually  iriloculu  1 
fruit  a  berry  or  capsule.  Tropical  plants  with  large  stalked  leaves  will 
broad  lamina,  the  lateral  veins  at  right  angles  to  the  mid-rib.  Tbe 
cohort  comprises  the  orders  Cannacis  (Carina,  Marania) ;  Zingibtratn 
(Zingiitr,Ainomum,  AlptHta);  Mustuea {Musa,  Strililaa);  BremdioM 
{Bromdia,    TUlandsia). 

Cohort  III.  Orchioales.  Endospermabsent  or  cellular;  embiro 
very  obscure ;  flower  hermaphrodite  and  very  irregular ;  perianth  tJ 
six,  rarely  three,  segments  ;  stamens  one,  two,  or  three,  confluent  wili 
the  style  (gynandrous) ;  fruit  a  capsule. 

Ordrr  I,  Orchide^.  Stamens  one  or  two,  confluent  with  (1* 
style   and  stigma ;    ovaiy  unilocular,  rarely  trilocular ;    seeds  TOJ 
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minute.]     Our  native  orchids  have  a  tuberous  root  (Figs.   119,  120, 
p.  81),  and  an  annual  herbaceous  stem.     The  tropical  species,  on  the 
contrary,  have  often  a  perennial,  and  some  of  them  a  climbing  stem,  or 
peculiar  aerial  pseudo-bulbs.      The  amplexicaul  or  sheathing  leaves 
are  always  entire,  usually  lanceolate,  fleshy  or  succulent,  rarely  scale- 
like.    The  flowers  are  rarely  solitary,  usually  in  spikes,  racemes,  or 
panicles ;  and  the  superior  perianth  consists  of  two  whorls,  each  of  three 
leaves.     Of  these  the  inner  whorl  is  always  irregular,  and  often  has  a 
spurred  lip  or  labellum^  the  remaining  five  leaves  of  the  perianth  forming 
together  the  galea  or  helmet.     The  stamens  are  united  with  the  style 
into  a  fleshy  column  or  gvnostegium^  upon  which  the  anthers  are  so 
placed  as  to  stand  above  the  stigma,  which  is  but  little  developed,  and 
consists  usually  of  a  large  viscid  surface.     Of  the  six  stamens  which  are 
probably  originally  present,  only  one,  less  often  two,  attain  perfect  de- 
velopment.   When  only  one  is  thus  developed,  it  is  always  opposite  the 
labellum  ;  but  when  two,  then  one  is  on  each  side  of  the  gynostegium. 
Only  a  few  Orchids  have  the  ppllen-grains  perfectly  distinct ;  usually 
they  are  united  together  in  fours,  and  these  again  into  granular  masses ; 
or  the  grains  are  combined  by  a  viscid  fluid  into  a  club-shaped  mass  or 
pollinium  within  each  anther-lobe  (Fig.  468,  v.).     The   two  poUinia 
terminate  at  their  lower  end  in  a  pedicel  consisting  of  the  dried-up 
viscid  substance,  connected  together  by  a  viscid  gland  or  rostellum  as  in 
the  bee-orchis,  or  distinct  as  in  Orchis  Morio.     Sometimes  the  rostelluni 
is  concealed  in  a  fold  of  the  stigma.       The  fruit  is  a  capsule,  usually 
dehiscing  longitudinally.    The  numerous  very  small  exalbuminous  seeds 
are  usually  covered  with  a  reticulated  testa,  and  do  not  contain  any 
trace  of  a  cotyledon.     In  the  tubers  are  mucilage  and  starch  ;  Orchis 
MoriOy  mascula,  militarise  and  other  species,  yield  salep.     The  fruits  of 
some  species  are  rich  in  aromatic  substances;  the  officinal  vanilla  is 
obtained  from   Vanilla  aromalica,  planifolia^  and  perhaps  some  other 
species  from  t  ropical  America.    [Principal  genera  : — Dendrobium,  Mas- 
devallia,  Mai  axis,  Bolbopkyllum,  Cattleyay  Epidendrum,  Od(yntoglossum, 
Maxillaria,  Vanda,  Saccolabium,  Stanhopeay  Oncidium,  Lycaste,  Angra:-- 
cum,  Catasetum,  Orchis,  Serapias,  Aceras,  Satyrium,  Ophrys,  Platan- 
thera,    Gymnadenia,   Habenaria,    Limodorum,    Corysanthes.     Vanilla, 
Listerd,  Neottia,  Epipaciis,  Spiranthes,  Cypripedium.'\ 

[Cohort  IV.  Narcissales.  Flowers  hermaphrodite,  regular  or  ir- 
regular ;  perianth  usually  petaloid  ;  stamens  three  or  six,  inserted  on 
the  perianth-tube  :  ovary  trilocular ;  seeds  ^dth  copious  fleshy  or  homy 
endosperm,  and  a  distinct  embryo  ;  leaves  parallel-veined.  •  Principal 
orders  : — Iridece  {Gladiolus,  Iris,  Crocus,  Tigridia)  ;  Amaryllidete  {Ga* 
lanthus.  Narcissus,  Crinum,  Pancratium^  Amaryllis,  Leucojum^Agixii^^ 


llani  {natural  <l'c):  11.  Ilovrcr  of  on  on:lltd  lo^ 
■oswllum  (magnilltd);  III,  diapam  of  ilie  iff^ 
■a^in 
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Cohort  V.  Diosco RALES.  Flowers  dioecious,  regular;  perianth  herba- 
ceous ;  stamens  six,  inserted  at  the  base  of  the  perianth-segments  ; 
ovary  trilocular  ;  fruit  a  berry  or  capsule  ;  seeds  with  copious  fleshy 
endosperm,  and  a  distinct  included  embryo.  Climbing  herbs  or  small 
shrubs,  with  netted -veined  leaves.  OxdQx  Dioscoreacea  {Dioscorea,  Tavius^ 
Testudinaria), 

Division  III.    Flo wers petaloid.     Ovary  superior. 

Cohort  VI.  PoTAMALEs.  Ovary  apocarpous  (rarely  reduced  to  one 
carpel);  flowers  hermaphrodite  or  unisexual ;  perianth  of  three,  four, 
or  six  segments,  or  absent ;  stamens  one  to  six ;  seeds  exalbuminous  ; 
embryo  conspicuous.  Usually  water-plants.  Principal  orders  : — 
Buiouiacecd  {Bittomus)  ;  Alismacece  [Alismaf  Sa^itfaria)  ;  Potamea 
(Potamogcton) ;  Naiadeiv  {Zostera^  Naias)^ 

Cohort  VII.  Palm  ALES.  Ovary  syncarpoils  (rarely  apocarpous); 
flowers  unisexual,  arranged  on  a  simple  or  branched  spadix,  enclosed 
in  a  spathe  or  not ;  perianth  of  distinct  bi-seriate  coriaceous  segments, 
green,  rarely  coloured  or  absent ;  fruit  a  one-  rarely  two-seeded  drupe 
or  berry;  seed  albuminous.  Shrubs  or  trees  with  flabellate  or  pinnately 
divided,  rarely  simple  leaves. 

Order  I.  Palm/E.  Flowers  usually  diclinous  on  a  branched  spadix; 
perianth  green  ;  stamens  usually  six,  hypogynous  or  perigynous  ;  ovary 
tri-  rarely  uni-locular,  or  of  three  separate  carpels  ;  styles  short,  free  or 
connate ;  loculi  with  one,  rarely  two,  ovules  ;  seed  large  ;  embryo 
minute,  sunk  in  a  pit  of  the  fleshy  or  homy  endosperm.  Trees  or 
shrubs.]  Although  the  Palms  appear  to  belong  to  the  more  highly 
developed  Monocotyledons  from  their  stately  arborescent  stems  and  their 
large  leaves,  the  insignificance  of  their  flowers  reminds 
one  of  the  lower  families,  and  the  habit  of  many 
species  even  of  the  Grasses ;  while  the  structure  of  the 
flower  and  inflorescence  allies  them  to  the  Arales 
(Figs.  469,  470,  471).  The  stem  is  usually  simple, 
rarely  dichotomously  branched,  as  in  the  doom-palm, 
generally  erect,  sometimes  climbing,  as  in  the  rattan, 
and  commonly  bears  a  crown  of  leaves  only  at  its 
summit.  The  leaves,  often  called  fronds,  are  Fig.  469. —  Flower 
fan -shaped  in  the  fan-palms,  pinnate  in  the  feather-  ^J  the  European 
palms,  rarely  undivided.  The  flowers  are  placed  on  Ckamarops  hu- 
a  simple  or  branched  rachis,  which  is  surrounded  in  ""^"" 
vernation  by  a  common  envelope  or  spathe ;  they  are  originally  perfect, 
but  almost  always  become,  in  the  course  of  development,  diclinous  or 
polygamous  from  the  abortion  of  stamens  or  pistils.     The  six  perianth- 
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leaves  arc  in  two  whorls.    The  stamens,  three,  six,  or  more  in  nnrnlxt 
irc  adherent  to  the  perianth -segments.   The  superior  ovary  j$  either  at 
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and  orthotropous;  but  two  of  the  ovules  usually  disappear  before  matur- 
ing inlo  seeds.     The  frail  is  a  one-  or  three-seeded  drape  or  berry,  ihe 


seed    consisting  of  a  robute    embryo   buried  in  a  very 
homy  endosperm,  which  is  at  tirst  milky,  afterwards  s> 
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hollow.  The  embryo  lies  in  a  hollow  in  the  periphery  of  the  endo- 
sperm (see  Fig.  305,  p.  148),  and  is  covered  by  a  thin  layer  of  the 
latter  like  a  lid.  There  are  about  three  hundred  species  of  palms^ 
nenrly  all  tropical.  The  only  native  European  species  is  the  dirarf* 
palrn,  Ckamarops  hiimilis  (Fig.  469),  which  is  found  as  far  as  45°  nortk 
latitude.  The  uses  of  palms  are  innumerable.  The  inhabitants  of 
entire  territories  live  on  the  fruits  of  some  kinds,  as  the  date-palm, 
Phatiix  dactyUfcra^  in  India,  Arabia,  Persia,  and  Egypt,  and  the  cocofr 
nut  palm,  Cocos  nucifera^  in  all  tropical  countries.  The  stems  of  some 
species,  as  Sagus  Rumphii^  Corypha  umbraculiferaj  and  Bomsa 
flabelliformisy  contain  a  starch  known  in  commerce  as  sago.  The  leaf- 
buds  of  Arcca  oUracea,,  Cocos  nucifera,,  &c.,  are  eaten  as  vegetables; 
and  the  sap  which  flows  from  the  punctured  leaf-buds  and  stems  is 
fermented,  and  yields  palm-wine.  Arettga  sacchartfera  from  the 
Moluccas,  and  Cocos  nucifera^  yield  palm-sugar  ;  Copernica  cerifen 
palm-wax  ;  and  the  oily  endosperm  of  many  palm  seeds,  espedalhrof 
the  West  African  Elaeis  guineensis^  is  used  in  the  production  of  pahn- 
oil.  The  endosperm  of  species  of  Phytelephas  is  known  in  commerce 
under  the  name  *  vegetable  ivory.*  Palm-bast  is  obtained  from  many 
kinds  ;  that  of  the  leaf-sheath  of  Attalea  funifera  of  Brazil  be^rs  the 
special  name  *piassava.*  The  young  pinnate  leaves  of  many  palms 
are  manufactured  into  textile  fabrics,  hats  {Carludoznca  palmata  fur- 
nishes the  Panima-hats),  and  mats  ;  and  the  stems  are  made  into 
canes.  [Principal  genera  : — Chamcedorea,  Areca,  Arenga,  Oreodox»^ 
CeroxyhUj  Caryota^  Calamus^  Sagus^  BorctssuSj  Copernicia,,  Rkafis^ 
Chamcerops^  Sabaly  PhoeniXy  Cocos,  Elaeisl  Jubaa,  Livistonia. 

Cohort  VIII.  A  RALES.  Ovary  syncarpous  ;  flowers  hermaphrodite 
or  unisexual,  arranged  in  a  spadix  or  spike,  with  or  without  a  spathc, 
or  sunk  in  pits  of  a  minute  scale-like  frond  ;  perianth  of  distinct  pieces, 
white  or  green,  or  of  minute  scales,  or  absent ;  fruit  a  drupe  or  berry 
with  one,  few,  or  many  small  albuminous  seeds.  Herbs,  often  very 
large,  rarely  trees  ;  leaves  simple  or  pinnatifid,  very  rarely  piiuiatdy 
divided,  sometimes  netted -veined. 

Order  I.  AROiDEiE.  Flowers  hermaphrodite  or  diclinous,  incylin- 
dric  or  oblong  spadices,  enclosed  in  a  green,  white,  or  coloured  spathe; 
perianth  absent,  or  of  from  four  to  eight  scales  ;  stamens  few  or  many, 
anthers  sessile  or  on  very  short  filaments,  extrorse  or  opening  by  pores ; 
ovaries  aggregated  in  from  one  to  four  loculi;  styles  distinct  or  absent; 
ovules  one  or  more,  basal  or  parietal ;  berry  one-  or  more-seeded ;  seeds 
minute ;  endosperm  fleshy  or  floury  or  absent.  Herbs,  stemless  or  with 
erect  or  scandent  stems ;  leaves  usually  large,  simple  or  pinnatifid, 
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sually  net-veined.    Principal  genera  -.^Acorus^  Or(>ntium^  Anthurium, 
"^othosy  Calla,  Richardia,  Colocasiaj  Caladiutfiy  Arum, 

To  this  cohort  belong  also  Fandanacea  {Pandanus),  and  several  other 
2SS  important  orders. 

Cohort  IX.  LiLiALES.  Ovary  syncarpous ;  flowers  hermaphrodite, 
^ery  rarely  unisexual,  solitary  or  in  spikes,  racemes,  or  panicles, 
arely  capitate  ;  perianth  of  six  (very  rarely  four)  nearly  similar  pieces, 
)r  gamopetalous  and  six-lobed,  r^ular  (rarely  irregular), .  usually  all 
:oloured  and  petaloid  (sometimes  coriaceous  or  subglumaceous);  embryo 
mmersed  in  a  copious  endosperm  (not  external  to  nor  in  a  lateral  cavity). 

Order  i.  LiLiACE^t.  Stamens  six,  hypogynous  or  perigynous ; 
mthers  usually  introrse  ;  ovary  tri-locular,  ovules  usually  many  in 
jach  loculus  ;  style  entire  ;  fruit  a  capsule  ;  seed  glabrous,  with  a 
nembranous  or  crustaceous  testa  ;  endosperm  fleshy.  Stemless  herbs 
)r  shrubs  with  a  simple  or  branched  trunk ;  root  fascicled  or  stem 
bulbous.  Principal  genera: — TuKpay  Yucca,  Fritillariay  Liliunty  Gagea, 
AgapanthuSy  Phormiumy  Hemerocallisy  Aloe^  Scilla,  Alliuniy  HyacinthuSy 
Orinthogalum,  Funkiuy  Asphodelus.^  Among  useful  and  medicinal 
species  are  the  AloU  socotrinay  the  Scilla  or  squill,  the  various  species  of 
Allium  which  yield  the  onion,  leek,  gar  lick,  &c.,  the  Asparagus,  [Dra- 
cana  or  dragon's  blood],  and  Phormium  tenax  or  New  Zealand  flax. 

[Mr.  Bentham,  in  a  paper  read  before  the  Linnean  Society,  and  only 
just  published,  arranges  the  monocotyledonous  orders  in  four  series, 
viz, : — I.  EpiGYNyE.  Flowers  with  a  double,  usually  petaloid,  perianth ; 
ovary  usually  inferior,  syncarpous.  2.  CoRONARiEiE.  Flowers  with 
a  double,  usually  petaloid,  perianth ;  ovary  superior,  almost  always 
syncarpous.  3.  NuDiFLORit.  Flowers  usually  achlajnydeous,  or  with 
a  dry  scarious  perianth  ;  ovary  mostly  apocarpous.  4.  Glu  males. 
Perianth  replaced  by  membranous  scales  (pales  or  lodicules);  ovary 
always  uniovular.     The  orders  are  arranged  thus  in  the  four  series  : — 


I.    EPIGYNiE.  II.    CORONARIEiE. 

Hydrocharidea;.  Roxburghiaceae. 

Scitaminese   (including  Musacese,  Liliacese     (including     Smilacese, 
Orchideae.                              [&c.).  Melanthaceae,  &c.). 

Biirmanniaceae.  Pontederiacese. 

Irideae.  Philydraceae. 

Amaryllidese    (including    Haemo-  Xyridese. 

laccaceae,  [doraceae).  Commelynaceae. 

Dioscorideae.  Junceae. 

Bromeiiaceae  (?).  Palmae. 

A  A  2 
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III.    NUDIFLORiB.  IV.    GLUMALES.- 

Pandaneae.  Eriocauleae. 

A  roideie.  Centrolepideae. 

Typhaceoe.  Restiacese. 

Lemnaceae.  Cyperaceae. 

Naiades  (including  Juncagineae).  Gramineae. 
Alismaceae  (?).  Ed.] 

Class  XIV.     Dicotyledones. 

Dicotyledons  are  distinguished  from  Monocotyledons 
by  the  embryo  having  two  cotyledons,  by  the  structure  of 
the  stem,  and  by  the  prevalent  number  of  parts  in  the  floral 
whorls  being  [4  or]  5. 

The  stem  consists,  as  a  rule,  of  four  parts,  strongly  dif- 
ferentiated from  one  another, — Epidermis,  Cortex,  Fibro- 
vascular  Bundles,  and  P'undamental  Tissue. 

A  well -developed  epidermis  provided  with  stomata  and 
often  with  subsidiary  organs,  entirely  covers  the  younger 
parts.  Earlier  or  later,  often  even  in  the  first  year,  it  is 
thrown  off  by  the  formation  beneath  it  of  a  corky  tissue,  that 
part  of  the  plant  then  losing  its  green  colour. 

The  cortical  tissue  is  very  commonly  separated  into  two 
portions,  an  outer  and  an  inner  cortex.  At  an  early  period 
in  its  development  bast-fibres,  bast-vessels,  and  latictferous 
vessels  are  generally  distributed  through  it,  in  addition  to 
the  parenchymatous  tissue  which  is  always  present;  the 
vessels  containing,  according  to  circumstances,  chlorophyll 
starch,  crystals,  tannin,  latex,  oil,  resin,  &c.  In  the  course 
of  its  growth  the  cortex  undergoes  peculiar  changes,  with 
which  we  are  not  yet  thoroughly  acquainted,  especiallj 
in  the  case  of  perennial  plants.  It  is  at  first  greadr 
stretched  from  within  by  the  tissue  formed  beneath  it,  aad 
finally  split.  The  crevices  and  wounds  thus  formed  ar« 
partly  filled  up  by  the  new  cells  of  the  bast-portion  of  the 
vascular  bundles  and  those  of  the  intermediate  tissue,  partly 
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covered  up  by  the  cork- tissue.  The  cortex  very  commonly 
exhibits  also  crevices  and  furrows  on  the  outside,  and  is  often 
partially  thrown  oft  in  the  form  of  bark.  The  portions  of  the 
cortex  which  are  fresh  formed  every  year  are  collectively  dis- 
tinguished as  secondary  cortex^  in  contradistinction  to  the  layer 
oi primary  cortex  already  formed  in  the  growing  point.  No 
new  elements  are  formed  in  the  primary  cortex ;  while  the 
secondary  consists  of  the  bast-portion  of  the  vascular  bundles 
and  of  intermediate  tissue. 

With  the  exception  of  a  few  abnormal  cases,  the  fibro- 
vascular  bundles  either  lie,  as  in  Monocotyledons,  isolated 
in  the  fundamental  tissue  (Fig.  472  a),  or  constitute  a  hollow 
cylinder  traversed  by  narrower  intermediate  striations,  the 
medullary  rays  (Fig.  95,  11.  p.  68).      They  are  developed  in 
the  neighbourhood    of  the  growing  point,  and  either  out 
of  isolated   cambium-bundles,    or   out   of  separate    parts 
of  a  closed  cambium-  or  thickening-ring  (Fig.  472,  b;  see 
also  p.  64).     There  is  thus  formed  on  the  inner  side  of  each 
vascular  bundle  a  xylem-portion,  on  the  outer  side  a  bast-  or 
phloem-portion,  these  two  parts  remaining  separated  from 
one  another  by  the  thin-walled  formative  tissue.     The  mode 
of  the  further  development  of  the  vascular  bundles  has  not 
yet  been  fully  determined  ;  because  it  is  scarcely  possible  to 
observe  the  first  formation  of  the  cambion-bundle  in  the 
growing  point,  or  in  seedlings,  the  investigation  of  which 
could  alone  give  the  clue.     It  is   therefore  not  yet  accu- 
rately known  whether  the   leaves  are  penetrated  by  rami- 
fications of  the  vascular  bundles  of  the  stem,  or  whether 
they  form  bundles  of  their  own  which  unite  with  the  cauline 
bundles  (those  of  the  stem).     The  latter  view  seems  to  be 
supported  by  the  fact  that  in  a  large  number  of  cases  fully 
developed  bundles  arise  first  at  the  apex  of  the  leaf,  their 
further  development  advancing  thence  downwards  towards 
the  base.      It  is,  nevertheless,  not  improbable,  from  the 
regularity  of  their  growth,  that  this  latter  development  of , 
the  vascular  bundles  follows  those  cambiiun-strings  which 
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branched  off  from  the  stem  t(^ether  with  the  leaves  at  As 
time  when  the  latter  first  began  to  be  formed.  The  circum- 
stance that  branches  of  the  vascular  bundles  which  pass  from 
the  stem  into  the  leaves— the  so-called  leaf-traces — do  nol 
bend  into  the  leaf  immediately  that  they  branch  off,  bui 
often  remain  as  a  separate  bundle  running  through  a  con- 
siderable length  of  the  stem,  causes  the  appearance  of  the 
vascular-bundle -system  to  be  often  very  complicated,  es- 
pecially when  several  leaf-traces  which  have  branched  off 
from  different  cauline  bundles  enter  the  same  lea£ 

In  Fig.  473  wc  have  a  rfiagrammalic  representation,  after  Nigdi, 
of  the  course  of  the  vascular  bundle  through  twenty-two  inteniode  <i 
Ihe  apex  of  Ihe  stem  of  /tei" 
amara.  Each  of  the  loM 
has  a  vascular  bundle,  Ibe 
leaf  -  traces  of  which  ui 
drawn  as  far  as  the  poinB 
of  atlachment  of  the  \exns. 
The  intemodes  aje  sepamlej 
by  the  horizontal  lines.  EacS 
leaf-trace  appears,  thererore, 
when  seen  in  transverse  s«- 
tion,  to  run  as  a  sepantt 
bundle  through  ten  or  elevct 
intemodes,  and  invariablj 
unites  with  the  bundle  froia 
,  tlie  fifth  leaf  below;  thus  llw 
;  iifih  with  the  tenth,  the  lentb 
with  the  lil^eenlh,  St     If 

-  \\  through  the  intemodes,  Ibe 
number  of  vascular  bundles 
wliich  will  be  found  exposed 
!  on  each  section  is  iHclicated 
'  by  the  number  given  on  the 
left-hand  side  of  the  iigaie. 
In  the  leaf-trace  of  the  twenty-second  leaf  are  found  fully  developed 
vessels,  the  probable  subsequent  course  of  which  is  indicated  by  (be 
(lotted  line. 

The  course  of  the  vascular  bundles  is  not,  however,  always 


(afier  Nigel'). 
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so  simple  as  in  these  cases ;  for  although  the  bundles  of  most 
Dicotyledons  run  in  a  vertical  direction,  they  nevertheless 
occasionally  unite,  and  form  combinations  which  are  often 
rendered  yet  more  complicated  by  new  separations.  In  the 
Labiatae,  Umbelliferae,  Balsamineae,  and  many  other  her- 
baceous plants  with  jointed  stems,  the  vascular  bundles  are 
arranged  in  a  circle,  and  all  run  in  a  parallel  direction 
through  the  internode.  In  the  node,  however,  they  branch, 
and  are  here  united  with  the  vascular  bundles  of  the  leaves, 
as  we  have  seen  to  be  the  case  with  Grasses  (see  p.  341). 

The  vascular  bundles  always  become  closer  as  they 
descend  in  the  stem,  the  separate  bundles  approaching 
nearer  and  nearer  to  one  another  through  increase  in  their 
thickness,  often  coalescing  into  a  ring  which  is  interrupted 
only  by  narrow  medullary  rays  (Fig.  95,  11.  p.  68).  The 
development  of  the  vascular  cells  or  vessels  then  always 
begins  on  the  inside  of  the  cambium-bundles,  and  advances 
thence  outwardly  with  centrifugal  growth,  so  as  to  render 
possible  a  smaller  or  larger  development  of  pith. 

It  will  be  seen  from  this  description  that  there  is  no  dif- 
ference between  the  mode  of  growth  of  annual  and  perennial 
Dicotyledons,  when  young  plants  of  the  latter  are  examined, 
or  shoots  still  in  their  first  year  of  growth.  After  this,  growth 
ceases  in  annual  plants;  while  in  those  that  are  perennial 
further  changes,  which  will  be  afterwards  referred  to,  take 
place  in  the  spring,  when  vegetation  wakes  from  its  winter-rest. 

With  reference  to  the  composition  of  the  vascular 
bundles,  a  distinction  must  be  drawn  between  herbaceous 
and  woody  plants.  In  herbaceous  plants  they  are  separated 
by  layers  of  an  intermediate  tissue  of  more  or  less  con- 
siderable thickness,  so  that  they  either  lie  isolated  in  the 
tissue  of  the  stem,  or  form  a  ring  which  is  only  inter- 
rupted by  narrower  intervals  of  intermediate  tissue  (Fig. 
472).  This  intermediate  tissue,  a  part  of  the  fundamental 
tissue,  is  often  composed  of  cells  which  are  narrower  and 
otherwise  of  different  form  from  those  of  the  pith  and  co\\&^^ 
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and  it  then  constitutes  the  medullary  rays.  The  vascular 
bundles  grow  for  some  time  by  means  of  the  cambium  which 
lies  between  their  xylem-  and  bast-portion.  The  xylem- 
portion  consists  of  elongated  wood-cells,  which  sometimes 
resemble  an  elongated  parenchymatous,  sometimes  a  fusifom 
prosenchymatous  tissue,  and  in  addition  of  vessels  and  a 
thin-walled  parenchyma  that  is  but  little  or  not  at  all  ligni- 
fied ;  while  the  bast-portion  contains  on  its  outer  side  a 
bundle  or  crescent  of  bast-fibres,  which  sometimes  consist 
of  true  prosenchymatous,  sometimes  of  elongated  paren- 
chymatous cells.  In  contact  with  it  on  the  inside  are  thin- 
walled  sieve-tubes  and  elongated  parenchymatous  cells.  In 
many  plants  bast-cells  are  also  formed  next  the  pith  on  the 
axial  side  of  the  vascular  bundle  ;  in  others  laticiferous 
vessels  also  occur,  usually  in  the  bast-portion  of  the  vascular 
bundle,  but  also  in  the  cortex. 

The  vascular  bundles  of  woody  dicotyledonous  plants 
have,  at  the  end  of  their  first  year  of  growth,  the  structure 
already  described,  but  are  already  distinguished  by  the 
regularity  of  their  bast-bundles,  as  well  as  by  possessing  ves- 
sels dispersed  through  the  xylem.  The  stems  of  many  tropical 
trees  in  which  the  growth  is  never  subject  to  intermis- 
sion, as  the  cocoa-  and  coffee-bush,  remain  in  this  condition, 
and  only  gradually  increase  in  diameter  by  the  formation  of 
portions  of  the  vascular  bundles  exactly  resembling  those 
already  in  existence.  But  in  those  tropical  trees  and  shrubs 
which  cast  their  leaves  periodically  and  have  closed  buds,  like 
the  bread-fruit  tree,  the  activity  of  the  thickening-ring  is 
renewed  afresh  on  the  recurrence  of  the  active  period  of 
vegetation,  as  in  our  deciduous  trees  ;  and  fresh  medullary 
rays  and  new  xylem-  and  bast-portions  of  the  vascular 
bundles  are  formed  in  exact  continuation  of  the  similar  parts 
already  in  existence..  This  process  is  repeated  ever}*  year, 
a  new  layer  of  cells  being  annually  separated  on  each  side  of 
the  thickening-ring,  which  may  even  be  recognised  at  a  later 
penod  as  a  sharply  defined  annual  ring  (Fig.  95,  n.  p.  68). 
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There  may  be  several  reasons  for  this  sharp  definition  of  the  separate 
annual  rings.  It  is  possible  that  the  cells  formed  in  the  spnng,  those 
of  the  spring- wood,  are  larger  than  those  of  the  autumn-wood. (see  Fig. 
479>  P«  373);  or  their  walls  may  be  thinner,  or  the  cells  otherwise  of 
a  different  kind;  and  the  abundance  and  size  of  the  vessels  in  the  spring- 
wood  must  also  be  taken  into  account.  The  structure  of  the  root  cor- 
responds  to  that  of  the  stem  in  the  presence  or  absence  of  annual  rings. 
The  separate  annual  rings  are  not  always  of  a  uniform  thickness,  but 
are  often  more  strongly  developed  on  one  side  than  on  the  other. 
From  these  facts  it  is  possible  to  form  an  idea  of  the  life  of  the  tree 
during  each  year  of  its  growth.  Its  age  is  estimated  from  the  number 
of  these  rings  ;  from  their  breadth  it  is  known  what  years  were  favour- 
able, and  what  unfavourable  to  its  growth ;  and  some  knowledge  can 
even  be  attained  respecting  the  growth  of  the  roots,  since  the  growth  of 
any  side  of  the  stem  is  known  to  correspond  nearly  to  the  development 
of  the  roots  that  branch  out  on  that  side. 

Sometimes  even  in  the  earliest,  but  always  in  the  later  years, 
the  vascular  bundles  become  penetrated  in  a  fanlike  manner 
by  new  parenchymatous  cells  lormed  inside  them  and  arranged 
in  bands,  the  secondary  vieduUary  rays.  Those  cambium- 
cells  which  were  at  one  time  cajled  cells  of  the  medullary 
rays,  always  produce  only  the  same  kind  of  cells;  so  that  the 
secondary  medullary  rays,  when  seen  in  transverse  section, 
always  reach  to  the  thickening-ring  ;  but  they  never  get  as 
far  as  the  pith.  The  breadth  of  these  rays  varies  in  different 
plants  ;  in  some  species  they  are  one  cell,  in  others  several 
cells  wide ;  broad  and  narrow  bands  sometimes  alternate  with 
one  another ;  but  they  never  penetrate  through  the  whole 
length  of  the  plant,  as  can  be  easily  seen  on  tangential  sec- 
tions (Fig.  474).  Both  the  primary  and  secondary  medullary 
rays  are  generally  easily  recognised  by  the  naked  eye,  and 
form  the  pattern  on  the  wood  ordinarily  known  as  the 
*  silver  grain.'  They  consist  of  parenchymatous  cells  usually 
elongated  in  the  radial  direction  (see  Figs.  474,  475). 

Both  the  xylem-  and  the  bast-portion  of  the  vascular 
bundles  of  the  stem  of  Dicotyledons  consist — with  the 
exception  of  the  fundamental  tissue  of  the  medullary 
rays — of   elements    which  may    be    arranged    into    t.Vv\^^ 
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groups  :— prosenchyTiia,   parenchyina,   and   vessels.     The 
prosenchyinatous  cells  of  the  xylem — which  are  also  called 


iplc ;  G  TEuels ;  H/vood' 


wood-cells,  wood-fibres,  simple  bast-like  wood-fibres,  « 
libriform  fibres— are  always  fusiform,  comparativelv  strongly 
thickened  and  llgniticd,  unbranched,  and,  as  a  rule,  fumidied 
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with  extremely  small  bordered  pits  (Fig.  14,  p.  13).  Even 
when  Che  latter  are  larger,  they  differ  in  size  and  form  from 
those  of  the  vessels  which  occur  along  with   them.     The 


•  wood-cells  of  the  inner  spring-wood  are,  as  a  rule,  much  less 
strongly  thickened  than  those  of  the  outer  autumn-wood 
(Fig.  479,  p.  373).  There  is  nowhere  foundin  the  wood-eel's. 
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any  strongly  developed  spiral  thickening,  nor  usually  even 
the  spiral  striation  already  mentioned  (p.  1 6).  In  the  winter, 
especially  when  vegetation  is  dormant,  they  usually  contain 
starch.  It  is  comparatively  rare  for  the  wood-cells  to 
become  septated,  when  their  thickening-layers  are  nearly 
completely  formed,  by  one,  still  more  rare  by  several  parti- 
tion-walls, into  daughter-cells,  which  are  then  enclosed  by  the 
thick- walled  wood-cells,  and  are  termed  septated  wood-cdls. 
They  rarely  possess  pits ;  and,  when  present,  they  are  cleft- 
shaped,  and  placed  obliquely  in  a  spiral  running  to  the  left. 
In  the  winter  they  usually  contain  a  small  quantity  of  starch. 

The  parenchymatous  cells  of  the  xylem,  which  are  scarcely 
ever  wanting  in  woody  Dicotyledons,  are  distinguished  from 
the  other  elements  of  the  vascular  bundles  by  their  walls 
being  less  strongly  thickened,  by  their  having  pits  which 
are  always  closed  and  never  bordered,  and  by  the  absence 
of  any  spiral  thickening.  They  may  be  formed  in  three 
different  ways  : — by  direct  growth  from  a  cambium-cell,  oras 
a  daughter-cell  either  in  a  cambium-  or  in  a  young  prosen- 
chymatous  cell.  In  the  first  case  they  are  isolated  ;  in  the 
two  latter  cases  they  are  still  enclosed  within  the  walls 
of  their  parent-cells.  These  cells  also  usually  contain  starch 
in  winter. 

The  vessels  of  the  xylem  have  usually  bordered  pits. 
In  the  early  condition  of  the  vascular  bundles,  annular, 
spiral,  and  reticulated  vessels  are  found  only  near  the  pith, 
in  the  medullary  sheath  \  the  younger  parts,  on  the  con- 
trary, contain  nothing  but  pitted  vessels.  The  partition- 
walls  of  the  separate  vascular  cells  are  either  horizontal  or 
oblicjue,  and  scalariform  or  penetrated  by  pits,  i.e.  by  a 
round  orifice.  A  scalariform  perforation  has  at  present  only 
been  observed  in  pitted  and  reticulated,  but  not  in  spiral  or 
annular  vessels.  When  the  walls  of  the  vessels  are  not 
spirally  thickened,  the  pits  are  most  numerous  on  the  side 
where  the  vessel  borders  other  vessels  or  thin-walled  wood- 
cells.     At  these  spots  the  borders  of  the  pits  are  also  the 
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largest,  and  the  pits  themselves  always  open  \  in  other 
cases  they  are  always  closed.  When  the  walls  of  the  vessels 
are  also  thickened  spirally,  as  is  the  case  in  the  so-called 
tracheides  (Fig.  35,  p.  20),  this  thickening  sometimes  dis- 
appears at  those  parts  of  the  vessels  which  adjoin  the  xylem- 
parenchyma  or  medullary  rays;  but  remain^,  the  pits 
diminishing  greatly  in  number  or  altogether  disappearing, 
when  the  tracheides  are  surrounded  by  strongly  thickened 
wood-cells.  As  regards  the  size  or  diameter  of  the  vessels, 
those  of  the  first  annual  ring  are  narrower  than  the  succeed- 
ing ones  ;  and  this  is  especially  the  case  in  the  large  vessels 
of  the  spring- wood.  In  the  oak,  for  example,  the  vessels  do 
not  attain  their  full  size  before  the  sixth  and  succeeding 
rings.  The  vessels  become  lignified  at  an  early  period,  and 
are  then  filled  with  air  ;  it  is  only  when  young  that  they 
contain  sap.  When,  in  a  few  cases,  substances  of  the  nature 
of  gum,  resin,  or  latex  occur  in  them,  as  in  the  cherry,  these 
have  passed  over  into  them  from  adjoining  elements  of  the 
tissue,  but  have  not  been  formed  in  them. 

The  whole  of  the  elements  of  the  xylem  need  not  be 
present.  With  regard  to  their  relative  position,  the  separate 
elements  are  arranged  in  rows  or  groups,  or  irregularly 
without  any  definite  arrangement ;  but  even  then  they  are 
distributed  in  such  a  characteristic  manner  that  anyone  with 
experience  can  determine  from  a  small  fragment  of  wood 
the  genus,  or  not  unfrequently  even  the  species,  from  which 
it  was  taken  (Fig.  475).  The  inner  portion  of  the  wood,  the 
cells  of  which  have  become  firmer  and  stronger  from  their 
walls  having  undergone  lignification  for  a  longer  period,  is 
called  the  duramen^  in  contradistinction  to  the  alburnum, 
or  younger  layers,  the  walls  of  which  are  less  thickened  ajid 
lignified,  and  which  still  contain  sap.  When  a  very  irre- 
gular or  twisted  course  of  the  separate  elements  of  the  wood 
is  caused  by  branches,  or  buds,  or  any  similar  cause,  a  very 
peculiar  appearance  is  imparted  to  those  spots,  and  they  are 
termed  knots. 


368  Structural  and  Physiological  Botany. 

The  prosenchymatous  cells  of  the  bast,  which  are  also 
called  bast-tubes,  bast-fibres,  or  bast-cells,  are  as  a  rule  fusiform 
and  unbranched.  Septaled  bast-cells,  similar  to  the  sep- 
tated  wood-cells  (p.  366), 
are  less  common  than  the 
latter,  but  occur  in  die 
grape-vine  and  cactus. 
\Vhen  young  the  bast-cells 
contain  a  protoplasmic  sap, 
at  a  later  period  usually 
air  In  the  Asclepiadese 
and  Apocyracefe  they  con- 
tain a  peculiar  greenish  sap 
related  to  the  latex  of  other 
^  plants  The  bast-paren- 
chyma agrees  almost  en- 
tLiely  in  its  development 
and  structure  with  the 
\y!em  The  vessels  of  the 
bast  are  sieve  tubes  orlati- 
ciferous  vessels. 

The  presence  or  ab- 
sence, and  the  arrangement, 
of  the  separate  elements  b 
the  cortex,  are  so  charac- 
teristic of  most  stems  that 
they  can  be  determined 
from  these  characters.  A 
general  idea  may  be  ob- 
■^'thro^^h  ,1=  w  rf  .h.  'rd"™cri!r-  ^'""1  ^y  ^  transverse  sec- 
twa  tciaieto :  t/  basi  fib™;  M  baa  tion  through  a  bast-bundle 
SuTreiie^'R/mrticaiparrQdiyini;  H^of  the  wild  lettuce  fFie. 
•»-'■•""<' ♦»!  4,6),  * 

In  woody  Dicotyledons  the  pith  and  the  parts  of  the 
cortex  which  do  not  belong  to  the  vascular  bundles  are  veiy 
inconsiderable  in  comparison  with  these  latter.     The  pith  ^ 
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the  stem  only  increases  for  a  short  time,  and  then  only  by 
the  increase  in  size  of  the  separate  cells,  and  occupies  there- 
fore but  a  small  space  in  comparison  with  the  wood  and  the 
fundamental  tissue  of  the  medullary  rays.  It  consists  of  a 
parenchymatous  tissue,  in  which  other  elements,  as  latici- 
ferous  vessels,  are  sometimes,  though  rarely,  enclosed. 

Deviations  are  not  unfrequent  from  the  normal  structure  and  course 
of  the  vascular  bundles  here  described.  In  many  water-plants,  such  as 
HippuriSy  Myriophyllum^  Ceratophyllum^  and  Trapa,  a  sheath  is  formed 
which  limits  the  increase  in  diameter  of  these  plants.    (Fig.  94,  p.  66.) 

The  roots  of  Dicotyledons  always  possess,  when  young, 
a  thin- walled  epidermis,  which  soon  becomes  replaced,  like 
that  of  the  stem,  by  cork-tissue.  The  cortex  of  the  root 
is  also  very  similar  to  that  of  the  stem,  consisting  of  the 
same  elements;  and  its  cells  contain  the  same  substances 
within  them.  It  is  very  usual  for  a  vascular  bundle-sheath 
to  separate  the  axial  bundle  from  the  cortex.  While,  as  has 
already  been  mentioned  (p.  362),  the  vascular  bundles  ^f 
the  stem  have  a  centrifugal  growth,  the  development  of 
those  of  the  root  is  in  many  plants  centripetal ;  />.,  the 
first  vessels  are  formed  on  the  outside  of  the  formative 
tissue,  and  their  further  development  and  lignification  ad- 
vance from  the  centre  towards  the  axis  (Fig.  477,  i.).  The 
development  of  the  pith  is  by  this  means  so  much  checked 
that  it  is  always  less  developed  in  the  root  than  in  the  stem  ; 
and  in  many  roots  it  has  entirely  disappeared  when  their 
vascular  bundles  have  attained  their  full  development.  As 
soon  as  the  vascular  bundles  have  met  in  the  axis  of  the 
root,  their  development  progresses  outwardly,  the  new 
vessels,  the  bast-bundles,  pressing  themselves  towards  the 
periphery  (Fig.  477,  11.).  A  growth  of  this  nature  is  found 
especially  in  herbaceous  plants,  e.g,  Cicuta,  and  in  those  in 
which  the  stem  has  isolated  vascular  bundles.  The  root  of 
other  Dicotyledons,  especially  if  woody,  shows  a  similar 
structure  to  that  of  the  stem.  The  cell-cavities,*  both 
of  the  xylem-  and  phloem-cells,  are  however  considerably 

B  B 
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lai^er  in  the  root  than  in  the  stem  ;  this  being  the  cause  of 
the  smaller  specific  gravity,  and  the  less  value  as  fuel,  of  the 
root  as  compared  with  the  stem.  The  annual  rings  are  also 
often  much  narrower.  The  essential  peculiarity  of  the  root 
is  the  possession  of  a  root-cap  (s;e  p.  ^^). 


The  leaves  of  Dicotyledons  present  no  essential  diffw- 
ence  from  those  of  Monocotyledons  (except  in  the  anange 
ment  of  the  vascular  bundles  or  veins]. 
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The  structure  of  the  wood  of  Dicotyledons  agrees  in  its 
main  features  with  that  of  Gymnosperms  (see  p.  333),  a  class 
of  a  generally  lower  type  of  organisation.  The  main  dis- 
tinction lies  in  the  structure  of  ihe  individual  vascular 
bundles.     In  Gymnosperms  there  are  in  general  no  true 


vessels;  rows  of  vascular  cells,  which  occur  only  in  the  medul- 
lary sheath,  taking  their  place,  and  even  then  manifesting 
only  a  spiral  or  reticulate  thickening  (Fig.  478).  The  small 
exotic  Older  of  Gnetaceas  furnishes  an  exception,  the  whole 
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of  [he  wood  containing  tnie  vessels  with  bordered  pis 
Tlie  wood  of  Conifers  consists  mainly  of  elongated  cells 
possessing  as  a  rule  large  pits  on  the  side  that  faces  the 
medullary  rays.  The  characteristic  position  of  the  pits, 
which  in  the  cells  of  the  stem  are  usizally  arranged  in  one,  in 


lite  Di^duJlary  sheath  of  the  spma-Gr:  *< 
'  traiTbJItQnal  iaimi  Lnlo  the  urdinajy  vooii' 


those  of  the  root  often  in  several  rows,  as  well  as  that  of  ik 
resin-passages,  which  are  especially  abundant  in  Conifene. 
form  an  excellent  diagnosis  to  distinguish  the  different  kin'ls 
of  wood  (Fig.  479).     The  structure  of  the  swollen  stem  of 
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the  Cycadese  is  similar,  the  lai^e  pith  containing  a  quantity 
of  starch  (known  as  sago),  and  surrounded  by   a  com- 


fir  with  moderately 


large  imimii]  ring  ; 


paratively  slightly  developed  wood.     Gum-passages  replace 
in  them  the  resin-passages  of  the  Conifene. 
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[Dicotyledons  are  subdivided  as  under,  inz,  : — 

Division  I.  APETALiC,  Incomplet^e,  or  MONOCHLAMYDEiE. 
Perianth  consisting  of  only  a  single  whorl  of  leaves ^  orentirelj/ 
absent f  or  occasionally  of  a  double  whorl  qfsef>aloid  leaves, 

SUBDIVISION  I.   Ovary  superior ;  perianth  usually  distinct. 

Cohort  I.  Chenopodiales.  Flowers  usually  hermaphrodite;  peri- 
anth green  or  coloured,  usually  regular,  sometimes  in  two  whorls,  tube 
short  or  absent,  segments  imbricate  in  bud  ;  ovary  of  one,  *  rarely  several 
carpels ;  ovules  solitary,  rarely  two  or  more,  basal ;  embryo  usually 
coiled  or  curved.  Herbs  or  shrubs.  This  cohort  includes  the  orders 
Phytolaccacea  {Phytohuca) ;  Polygonacece  {Eriogonunty  Polygonum^  Fago- 
pyrum^  Rheum,  Runiex)  ;  Amaranthacea  {Amaranthus,  Cdosia]\ 
Chenopodiacece  {Beta,  Chenopodiuniy  Atriplex,  Spinacia^  Salicormi, 
Salsolq) ;  and  Nyctaginea  {MirabUiSy  Buginvillea), 

Cohort  II.  Laurales.  Flowers  usually  unisexual ;  perianth  green 
or  coloured,  usually  regular  ;  ovary  unilocular  ;  stigma  one ;  ovule 
solitary;  embryo  straight,  with  or  without  endosperm.  Mostly  aromatic 
trees  or  shrubs ;  almost  entirely  tropical.  Orders  : — Mofdmaast 
{Monimiat  Laurelia)  ;  Myristicacece  {Myristica)  ;  ZMurcuea  (Cintu- 
monum,  Persea,  Sassafras,  Laurus,  Cassytha,  Camphora,  Nectandn^ 
Oreodaphne). 

Cohort  III.  Daphnales.  Flowers  usually  hermaphrodite ;  peri- 
anth green  or  coloured,  regular  or  irregular,  often  tubular  ;  ovary  uni- 
locular, rarely  bilocular ;  stigma  one  ;  ovule  usually  solitary,  penda- 
lous  or  suberect ;  embryo  straight,  with  no  or  very  little  endosperm. 
Trees  or  shrubs,  mostly  tropical  or  southern.  Principal  orders  ',— 
TTiymelceacece  {Daphne,  Pimeled) ;  Elceagnacece  [flippophaS^  Elaagmdw 
Proteacece  {Leucodendron,  Gremllea,  Banksia,  Protea,  Fahea), 

Cohort  IV.  Urticales.  Flowers  diclinous,  or  less  often  polyga- 
mous or  hermaphrodite  ;  perianth  green,  usually  regular,  rarely  absent; 
stamens  opposite  the  perianth -lobes  or  sepals  ;  ovary  unilocular,  rarely 
bilocular ;  stigmas  one  or  two ;  ovule  solitary,  micropyle  always 
superior  ;  fruit  usually  an  achene  or  samara  ;  embryo  straight,  with  or 
without  endosperm.  Principal  orders  :—  Urticacece  {JJrtica,  Bahnum, 
Partetaria);  Moracece  {Artocarpus,  Ficus,  Dorstenia,  Morus,  Madura]] 
CannabinecB  {Cannabis,  Humulus)',  Ulntacece  {C^lmus), 

Cohort  V.  Amentales.  Flowers  diclinous,  in  catkins,  cones,  or 
heads ;  perianth  absent  or  sepaloid,  or  of  one  or  more  bristles,  bracts, 
bracteoles,  or  scales ;  ovary  uni-  or  bi-locular ;  seed  without  endo* 
sperm.  Trees  or  shiuibs,  m\h  aXXftrMXa,  %m^le,  usually  stipulate  leaTCS.] 
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Ordtr  I.  Betulace*,'     (Fig.  480.)     Trees  or  shrubs,  with  alter- 
nate simple  leaves,  and  free  deciduous  stipules.     Flowers  monneeious, 

both  male  and  female  arranged  in  calkins,  and  subtended  by  scale-like 

bracts.      Male   flowers  in   threes    in   the  axil   of 

a  biact,  and  fornied  of  a  two-  or  four-cleft  perianth, 

in  fronl  of  the  leeth  of  which  the  Stamens  are  placed  ; 

female  flowers  also  in  twos  or  threes  in  the  axil  of 

a  bracl,  but  consisting  simply  of  a  free  ovary  with 

two  loculi,  in  each  of  which  is  a  pendulous  ovule  ; 

fruit  usually  a  samara,   and   seeds  enalbuminous. 

The  iwo  genera  of  this  order,  Bitula   the  birch, 

and  Alnus  the  alder,  furnish  useful  woods.     From 

the  barb  of  the  birch  is  obtained  the  birch-oil  used 

in  the  manufacture  of  Russia-leather,  and  impart- 
ing to  it  its  peculiar  odour. 

Order  1.   Salicace.^.      (Fig.   481. J     Trees  or 

shrubs,  with  simple  alternate  leaves  and  deciduous 

stipules.      Flowers  dicecious,   and  both  male  and     yic.  ,9o.— Braci  of 

female  always  in  catkins  ;  instead  of  perianth,  each  '''■^1,  k'''  ^''"'"' 
kind  has  a  few  small  scales  or  a  glandular  or  cup-  i^'iuaiis. 
shaped  fleshy  disc.  The  male  flowers  consist,  in 
addition,  of  from  two  to  twenty-four  free  or  monadelphous  stamens; 
and  the  female  of  a  free  bicarpellary  pistil,  standing  in  the  axil  of 
a  scale,  and  having  generally  two  stigmas.  The  unilocular  ovary  con- 
tains a  number  of  pendulous  ovules  attached  to  two  parietal  placentse; 
and  the  fruit  is  a  two-valved  capsule  ;  the  seeds  without  endosperm, 
but  fiimished  with  a  tuft  of  hairs.  The  two  genera  of  which  this  order 
is  composed,  Salix  the  willow,  and  Populus  the  poplar,  are  divided 
into  a  large  number  of  species,  varieties,  and  hybrids,  distributed  over 
the  whole  globe.  The  nearer  they  approach  the  poles,  the  smaller  are 
they  in  stature  ;  and  the  arctic  willow,  Salix  polaris,  is  only  an  inch  in 
height.  Some  species,  as  S.  purpurea  and  rubra,  unfold  their  calkins 
before  their  leaves  (  among  the  best-known  species  are  S.  babylonka 
the  weeping  willow,  S.  vileilina  the  osier,  S.  aiha  the  white  willow, 
Fopulus  tremula  the  aspen,  /".  nigra  the  black  poplar,  P.  pyramidalis 
the  Lombardy  poplar,  P.  allia  the  white  poplar,  and  P.  bahamifera 
the  American  balsam  poplar.  The  wood  of  some  species  is  valuable 
on  account  of  its  toughness  and  elasticity,  and  is  used  for  basket-work 
and  other  purposes.  The  hark  of  others,  as  S.  penlandra  and 
fragilis,  is  officinal,  affording  the  substance  known  as  salicine. 

'  [The  orders  Betulacere  and  Salieai 
and  Corylaceie from  the  cohort  Quernales, 
the  syllabus  of  the  University  of  London.— Eu.'i 


3/6  Structural  and  Physiological  Botany. 

To  (hii  cohort  belong  also  the  smalt  oiders  Platanare^  (Pla!ama\, 
Myricaiea  {Afyriia);  and  Casuarinactte  {Canoriita). 

[Cohort  VI.  EuphobbtaI.es.  Flowers  hermaphrodite  or  diclinous; 
perianth  green,  coloured  or  abseut  i  ainjj  b>-  or  multi  locular;  ovule 


iG,  4Bi.-S«llow.  Salii  Cafna  :    I. 
(magnmEd) ;  III.  female  catkin  (n 


ed  (in»gnilitd). 


-<niagnili«l) ;  '^ 


one  or  many  in  each  loculus,  pendulous,  anatropous  ;  fruit  usually  i 
uni-  or  multi-locular  capsule ;  seeds  solitary  or  numerous.] 

Order.x.  EupHORBiACEJE.  (Figs.  482,  483,)  Trees,  shrubs,  ot 
herbs,  containing  a  water;',  oflen  acrid,  more  rarely  tasteless  latw- 
The  stem  of  some  species  is  fleshy,  resembling  that  of  the  cactus,  iml 
is  then  leafless,  or  the  leaves  are  leplaced  b;  small  scales,  s[uiia,  01 
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hairs.  Flowers  solitary  or  collected  mto  an  inflorescence,  and  hemia- 
phrodile,  moncecioui,  or  dioecious.  The  tropical  species  especially  are 
so  polymorphic,  and  yet  so  nearly  related,  that  their  classilication  is  at- 
tended with  extreme  difficulty.  The  genera  of  northern  Europe  agree 
in  never  having  a  double  perianth  separable  into  calyx  and  corolla  ;  in 
the  styles  and  stigmas  being  distinct  ,  in  the  Truit  being  a  three-valved 


■Ei^herbiaLaiJarit.  I.  pan  of  a  plant  (natural  liic) :  II.  inllt 
ill,  mals  fluwei  <magnitKd). 


capsule,  the  valves  separating  elasticaliy  from  a  central  axis  ;  and  in  the 
seed  being  straight,  the  embryo  lying  in  the  centre  of  a  fleshy  and  oily 
endosperm.  [Among  the  more  important  genera  of  this  very  large  order, 
which  is  divided  into  a  number  of  suborders,  are  Phyllav,iKMA^  Ami- 
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desma,  Crototty  Hippomane,  Crozophora^  Mercurialis,  Acalypha^  CdC' 
bogynf,  Ricinus^  Manihot,  yatropha^  Euphorbia^  Siphonia.  ]  A  large 
number  of  species  possess  a  poisonous  latex,  which  is  especially  danger- 
ous in  some  tropical  kinds,  as  Hipponiane  Mancinella  of  tropical  America. 
On  the    ther  hand  the  dried  latex  of  Euphorbia  officinarum  and  of  some 

X^^,.^-^  other  African  species,  is  used  in  medicine  under 

the  name  euphorbium  ;  and  of  late  years  also  the 
oil-glands  and  hairs  of  the  East  Indian  Rotilera 
tinctoriay  known  as  camala,  and  previously  used 
only  as  a  dye.  Other  officinal  preparations  are 
cascarilla,  the  bark  of  Croton  JEluteria\  castor- 
oil,  derived  from  the  seeds  of  Ricinus  com- 
^section  through  The  fnunis^  and  croton-oil  from  those  of  Croton 
fruit    of  Mercurialis     Tiglium.     Shell-lac  is  obtained  from  the  East- 

/O'rww  (magnihed).         t     \-        n     4       r        r  i.  1.  •  j« 

Indian  Croton  lacciferum  ;  caoutchouc  or  india- 
rubber  from  the  dried  latex  of  Siphonia  elastica  and  brasiliensis  from 
Brazil  and  Guiana.  The  starchy  rhizome  of  Manihot  utilissima^  culti- 
vated in  many  tropical  countries  and  especially  in  America,  affords, 
after  the  removal  of  the  acrid  latex,  tapioca,  from  which  cassava-bread 
is  made.     The  castor- oil  plant  is  cultivated  for  the  beauty  of  its  foliage. 

[To  this  cohort  belong  also  Buxacea  {Buxus),  and  several  other  un- 
important orders. 

Cohort  VII.  PiPERALES.  Flowers  hermaphrodite  or  diclinous, 
usually  in  spikes  or  catkins ;  perianth  rudimentary  or  absent ;  ovary 
unilocular  with  a  single  ovule,  or  of  several  free  carpels  with  two  or 
more  ovules.  Orders  : — Piperacece  {Piper,  Cubeba,  Peperomia) ;  Chlor- 
anthacecs  {Chloranthus). 

SUBDIVISION  II.    Ovary  inferior  ;  perianth  more  or  less  distinct  in  either 

male  or  female  flowers ,  or  both. 

Cohort  VIII.  Asarai.es.  Flowers  hermaphrodite  or  diclinous; 
perianth  usually  coloured  ;  stamens  epigynous  in  the  hermaphrodite 
flowers  ;  ovary  uni-  or  multi-locular  ;  fruit  a  capsule  or  berry.  Orders:— 
AristolochiacecB  {Asarum,  Aristolochia) ;  RafflesiacecB^Rafflesia,  Hydnora^ 
Cytiuus), 

Cohort  IX.  QuERNALES.  Flowers  diclinous  ;  the  male  flowers  in 
catkins,  the  female  solitary  or  in  spikes  ;  perianth  green,  that  of  the 
male  flower  lobed  or  reduced  to  a  scale,  of  the  female  flower  minute, 
2-6-lobed  or  toothed ;  ovary  i-6-locular ;  ovule  solitary  basal,  or 
one  01  more  pendulous  ;  fruit  one-seeded ;  seed  without  endosperm. 
Trees  with  simple  or  compound  leaves]. 

Order  I.    CuPULiFERit.     Trees  or  shrubs  with   simple  alternate 
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leaves,  deciduous  stipules,  and  monoecious  flowers.  Male  flowers  ar- 
ranged in  catkins,  with  a  4-  or  5-cleft  perianth  or  none  at  all,  and 
five  to  ten  stamens  attached  to  the  perianth  or  bracts;  female  flowers 
solitary,  or  in  clusters  or  spikes,  their  perianth  superior,  with  a  toothed 
often  almost  obsolete  margin  ;  ovary  with  from  two  to  six  stigmas,  and. 
the  same  number  of  loculi;  in  each  loculus  one  or  two  pendulous  ovules 
with  two  integuments.  Fruit  indehiscent,  and,  by  abortion,  usually 
unilocular  and  one-seeded,  and  surrounded  at  its  base  by  a  cup-shaped 
envelope,  the  cupuUy  as  in  the  oak,  or  entirely  enclosed  within  it,  as 
in  the  beech.  This  cupule  proceeds  from  an  inferior  disc  (Fig.  303, 
p.  147),  and  not  from  a  leaf  of  the  perianth,  as  in  the  Corylaceae.  The 
seed  is  without  endosperm,  and  has  a  large  embryo  with  thick  fleshy 
cotyledons.  The  fruit  of  the  Spanish  or  sweet  chestnut,  Castanea  vesca, 
is  edible.  The  two  British  oaks  Quercus  sessiliflora  {^Robur)  and /«/««- 
culata^  and  Q.  Cerris  and  infectoria  from  Asia  Minor  and  Turkey,  are 
valuable  for  their  wood,  and  the  latter  especially  for  its  galls,  from  which 
tannin  is  obtained.  Almost  the  whole  of  the  cork  of  commerce  is  the 
produce  of  Q.  suber  from  Spain,  South  Italy,  and  northern  Africa.  The 
wood  of  Q.  tinctoria  of  North  America  is  used  as  a  yellow  dye.  The 
beech,  Fagm  sylvaUca^  is  valuable  for  its  wood  and  the  oil  of  its  seeds. 
Order  2.  CoRYLACE^.  (Figs.  484,  485.)  This  order  is  so  closely 
allied  on  the  one  hand  to  the  Cupulifene,  on  the  other  hand  to  the  Betula- 
ceae,  that  we  may  trace  a  gradual  transition 
between  the  three.  From  the  Cupuliferae 
\i  is  distinguished  by  the  presence  of  a 
spurious  foliar  cupule,  and  by  the  ovules 
having  only  a  single  int^ument ;  from  the 
Betulaceae  by  the  cupule,  the  superior 
though  usually  rudimentary  perianth  of 
the  female  flowers,  the  absence  of  a  peri- 
anth to  the  male  flowers,  and  by  each 
anther- lobe  bearing  a  tuft  of  hairs 
(see  Fig.  268,  p.  137).  The  best-known 
representatives  of  the  order  are  the 
hornbeam,  Carpinus  Betulus^  valu- 
able for    its  timber,    and    the    hazel    or 

filbert,  Corylus  Avellana,  for  its  fruit  and  Fig.  484. -Fruit  of  the  hornbeam. 
\^OOd.  Carpinus    Betulus,    with    its 

P  *       ,  .        ,  ,    ,  ,         ,  ,         three-lobcd   perianth    (natural 

[To  this  cohort  belongs  also  the  order    size). 

yuglandecB  {Juglans^  Carya). 

Cohort  X.  Santalales.  Flowers  hermaphrodite  or  diclinous  ;  peri- 
anth usually  conspicuous,  coloured,  pol)m[iorphic,  and  valvate  ;  ovanj 
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uni'  or  mulli-locular,  loculi  with  one  or  many  ovules,  ovules  nsuallf 
reduced  to  ■  naked  nucleus ;  &uii  a  one-seeded  berry  or  drupe.  Para- 
sitic herbs  or  shrubs.  Orders  ; — Loranthiuaz  {Loranthus,  Visium, 
Mysodmdnm)  \  Sanlalacia  ( Thcsium,  Sa/Uaiurn) ;  Balanophoriuea  (C/- 
I,  Balanophora,  Langidorffia). 


Fio.  48s.— Th«  hiuel,  Csrylia  ^w 
(natural  »»);  II.  male  Howi 


(m^diAed)  -,  V.  frui 


Division  II.     CkiiiOVE.TK\JE^— Flowers  furnished -milh  both  eaiyx 
and  corolla,  the  laltir  gamofetalom. 

SUBDIVISION  I.   Ch/ary  superior  {rarely  infiriar). 
Section  I.     Flowers  ■very  irr^ular  [rarely  regular). 
Cohort  I.  Persokales.     Corolla  gsmopetalous,  hypogynous,  often 
bilabiate ;  stamens  fewer  than  the  corolla-lobes,  rarely  as  many,  un- 
equal, usually  four  and  didynamous,  rarely  two ;    ovaiy   1-3-  raitlj 
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4-locu!ar ;  style  simple;  stigmas  one  or  two;  ovules  usually  very 
numerous ;  fruit  usually  >.  capsule.  Herbs,  rarely  shrubs  or  trees,  with 
exslipulate  leaves.] 


(>i&ri.  ScROPifULARIACE,*.  (Figs.486-4S8,)  Mosily  herbaceous 
plants,  with  alternate,  opposite,  or  vertieillate  exstipulale  leaves.  Calyx 
and  corolla  bilabiate,  rarely  clearly  re^cular,  and  4-  or  5-cleli  \  stamieui. 
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usually  four  and  didynamous,  less  often  two,  as  in  Veronica  ;  ovary 
superior,  and  generally  surrounded  by  a  disc,  syncarpous  and  bilocular, 
with  a  large  number  of  anatropous  ovules,  attached  to  an  axile  placenta 
divided  by  the  dissepiment.  Fruit  capsular,  rarely  baccate  ;  seeds 
with  endosperm  and  straight  embryo  (see  Figs.  249  and  297,  pp.  130, 
144).  [The  genera  are  very  numerous,  and  include  SalpiglossiSf 
Schizanthus^  Calceolaria^  Linaria,  Antirrhinum^  Maurandia^  Lophosper' 
mum,  Paiil<rvniay  Scrophularia,  Penstemon,  Mimulus,  Gratiola,  Digiialis, 
Veronicay  Barisia,  Euphrasia,  Melampyrum,  Rhinanthus,  JPedicularis^ 
Verdascum.]  The  most  important  medicinal  species  is  the  foxglove, 
Digiialis  purpurea  ;  the  leaves  of  Graiiola  officinalis  are  also  officinal 
A  large  number  of  genera  are  cultivated  in  gardens  for  the  beauty  of 
their  flowers.     Many  species  are  root-parasites. 

[To  this  cohort  belong  also  the  orders  UtriculariaceiB  {Utriculam, 
PiHguicula)\  Orobafichacea  {Orobanche,  Lathraa);  Gesneracea  (Gestiera, 
Gloxinia,  Achimenes,  Columnea,  Cyrtandra);  Bignonicuece  (Bigitonia, 
Catalpa,  Tccoma,  Eccremocarpus)',  Acanihacece  {Ruellia,  Goldfusm, 
Acanthus,  Justicia,  Adhatoda)  ;  Sesamacea  {Sesamum,  Craniolaria, 
Marty nia,  Pedalium). 

Cohort  II.  Lam  I  ALES.  Perianth  usually  bilabiate,  rarely  nearly  or 
quite  regular,  hypogynous  ;  stamens  fewer  than  the  corolla-lobes,  rarely 
as  many,  unequal,  usually  four  and  didynamous,  rarely  two  ;  ovary  2-4- 
locular ;  style  simple  ;  stigmas  one  or  two  ;  ovules  solitary  in  each 
loculus,  very  rarely  two  or  more  ;  fruit  an  indehiscent  drupe,  or  com- 
posed of  two  or  four  nucules.  Herbs,  shrubs,  or  trees,  with  exstipulate 
leaves.] 

Order  I.  LABlATiE.     (Figs.  489-492.)     Herbaceous  or  suffruticose 
plants,  usually  with  square  stem  and  opposite  (decussate)  or  verticillate 
exstipulate  leaves.     The  flowers  are  arranged  in  compact  cymes  {verti- 
cillasters)  in  the  axils  of  the  leaves  ;  and  the  separate  inflorescences  are 
often  so  crowded  as  to  give  to  the  whole  the  appearance  of  a  compound 
spike.  The  tubular,  usually  bilabiate,  calyx  is  persistent ;  the  corolla  usu- 
ally ringent  and  bilabiate,  rarely  regular  ;  in  the  former  case  the  upper 
lip  consists  of  two,  the  lower  lip  of  three  teeth  (petals) ;  the  structure  of 
the  bilabiate  calyx  being  the  reverse.     Stamens  rarely  two,  usually  four, 
of  two  unequal  lengths  {didynamous) ;  but  the  anthers  are  not  always 
perfectly  developed,  sometimes  consisting  of  one  lobe  only,  the  other 
lobe  being  barren,  as  in  Salvia  (Fig.  269,  p.   138).     The  mode  of  de- 
hiscence of  the  anthers  also  varies  ;  in  Galeopsis  it  is  transverse.     The 
style  is  gynobasic,  or  rises  from  the  base  of  the  deeply  four-lobed  ovary, 
which  is  placed  on  an  inferior  disc  ;  each  division  of  the  ovary  contains 
only  a  single  ovule,  with  its  micropyle  directed  downwards.     Fruit 
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;«»«««»,;   1,  part  of  plant    (natural       \    U^    & ^     f 


pi|WT.(mjn»tja»ft, 
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enclosed  in  the  base  of  the  calyx,  and  consisting  of  four  nucuUs^  each 
containing  a  single  seed.     [Among  the  namerous  genera  of  this  la^ 
and   important    order    are    CoUus,    Lavandula y    Memhay    Origanwn^ 
ThymuSy  Calamintha^  Melissa^  Nepeta,  Prunillay  Scutellaria,  MdUdi, 
AfarruHum,  Stachys,  Lamiuniy  Baliota,  Phlomis,  Galdopns,  Teucnuifi, 
AjugOy  Salvia.^  The  plants  belonging  to  it  abound  in  volatile  oils  con- 
tained in  special  glands,  and  a  large  number  are  consequently  offianal; 
as  Mffttha  piperita   peppermint,  M.  crispa   curled  mint.    Lavandula 
augustifolia  lavender,    Thymus  cerpyllum  and  T/ul^aris  the  wild  and 
garden  thymes,    Rosmarinus  officinaiis  rosemary,    Ocymum  basilicum 
bxsil    thyme.      Origanum    Majorana     and     vulgare    marjoram,    &c 
Siilvia  officinalis  is  valuable  on  account  of  the  large  quantity  of  tannin 
contained  in  it ;   Plectranthus  gravtohns  of  the  Mascarene  Islands  b 
the  source  of  patchouli. 

[The  only  other  important  order  of  the  cohort  is  VerbencuaSy  which 
includes  the  genera  Verbena,  Lantana,  Tectona,  Clerodendron,  ViUx^ 
Avicennia, 

Section  II.     Flowers  usually  regular. 

Cohort  III.  POLEMONIALES.  Corolla  gamopetalous,  h)rpogynoos, 
regular  or  oblique  ;  stamens  as  many  as  the  corolla-lobes,  epipetaloas, 
equal  or  unequal,  often  exserted  ;  ovary  1-5-locuIar,  syncarpous 
(rarely  apocarpous);  seeds  very  numerous,  or  only  one  to  two  in  each 
loculus.  Herbs,  rarely  shrubs  or  trees,  with  exstipulate,  alternate  or 
geminate,  rarely  opposite,  leaves.] 

Order  I.  SoLANACEiE.  (Figs.  493-497.)  Herbaceous  or  suffruti- 
cose  plants  with  alternate,  in  the  upper  part  geminate,  leaves,  one  of 
each  pair  being  always  smaller  than  the  other.  Cal)rx  usually  5* 
partite  and  persistent ;  corolla  regular,  deciduous,  folded  in  the 
bud,  and  4-  or  5 -partite;  stamens  equal  in  number  to  the  corolla- 
lobes;  ovary  usually  bilocular,  or  almost  4-locular  by  false  septa, 
rarely  3-  or  5-locular.  The  numerous  seeds  have  an  abundant 
fleshy  endosperm ;  fruit  a  capsule  or  berry.  [Among  the  more  im- 
portant genera  are  Nicoiiana,  Pttunia^  Datura,  Hyoscyanius,  Nicandra, 
Lycopersicum,  Lycium,  Physalis,  Atropa,  Capsicum,  Mandra^rciy 
Solanum,  Nolana,']  The  useful  and  ofificirvil  plants  belonging  to  it  are 
nur^crous,  including  the  potato  Solanum  tuberosum,  S.  dulcamara 
the  bitter-sweet,  Lycopersicum  esculentum  of  the  East  Indies  the  tomato, 
Capsicum  annuum  of  the  West  Indies  or  Cayenne  pepper,  Nicotiana 
Tahacum  tobacco,  Atropa  Belladonna  the  deadly  nightshade, 
Hyoscyamus  niger  the  henbane,  Datura  Stramonium  the  thorn-apple, 
Physalis  Alkekengi  the  winter  cherry,  &c. 


I 
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This  cohort  includes  also  the  following  orders  : — Hydrophyllacea 
{Hydrophyllum,  Nemophila,  Eutacay,  Polemaniaiea  {Phlox,  Collomia, 
Ciilia,Polemi>niiim,Ci>6aa];C<mvolvulacea[Quanmlil,BaIalas,Pharbilu, 
Ipeiuaa,  Csnvotvuius,  Evotvulus,  Parana,  Cuitula);  and  Borrngines 
{fielhlropiuBi,  Ctrirtthr,  Eckium,  Borrage,  Symphytum,  Anekusa, 
Lyiofsis,  Lilhoiftrmuni,  Pulmonaria,  Myosotis,  Cyno^ossum,  Ompha- 
Icdes). 


Cohort  IV.  Gentianales.    Corolla  gamopelaloHS  or  rarely  nearly 
■popetalous,  hypogynous ;  stamena  tame  in  number  u  corol1a-lal«^  ot 
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Fio.  496.— Henbane.  Hysstrnnir 


by  the accKKeni ulyx :  III.  ar«iie^yii>)(n>tunliiiBX 
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j-wer,  epipetalous  and  usually  included  in  corolla-tube  ;  ovary  usually 
pticarpous  and  bilocular.  Herbs,  shrubs,  or  trees,  almost  always  with 
pposite  or  verticillate  exstipulate  leaves.  Orders:—  Oleacea  {Jasminum^ 
Veay  Ligustrum,  Phillyrea^  Fraxinus,  Syringa,  Forsythia)]  Apocynacece 
Aiiamanda,  Tabemamontana,  Vinca,  Apocynum,,  Nerium) ;  Asclepiadcie 
Vincetoxicunty  Cynanchuniy  Asdepias,  Stephanotis,  Hoya^  Stapelia)\ 
\oganiacea  {Logania,  Spigelia^  Strychnos) ;  Gentianacea  (ErythraOf 
Zhlorat  Gentiana^  Villarsia,  MenyaniheSy  Limnanthemum). 


I. 


II. 


Fi«.  497.— I.  ¥\ov/^r  oi Solanum  ^i//<:a»f/irtf  (magnified) ;  II.  Floral  diagram  of 

potato  Solanaceee). 

Cohort  V.  Ebenales.  Corolla  gamopetalous  or  apopetalous, 
hypogynous  or  epigynous,  rarely  perigynous ;  stamens  usually  many 
more  than  the  corolla-lobes,  or  if  equal  in  number  usually  alternate  with 
them  ;  ovary  2-  or  multi-locular ;  ovules  usually  few ;  fruit  rarely 
capsular.  Shrubs  or  trees,  with  nltemate  exstipulate  leaves.  Principal 
orders  : — Ebenacea  {Diospyros) ;  Styracece  {Symplocos,  Styrax^  Halesia). 

Cohort  VI.  Primulales.  Corolla  regular,  hypogynous,  rarely 
epigynous,  gamopetalous,  rarely  apopetalous;  stamens  equal  in  number 
to  corolla-lobes  and  opposite  to  them,  or  if  more  numerous  one  series 
always  opposite,  hypogynous  or  epipetalous ;  ovary  unilocular,  with 
free  central  placentation.  Herbs  or  shrubs,  rarely  trees,  wtth  exstipulate 
usually  alternate  leaves.  Orders  : — Plumbaginea  {Plumbago^  Anueriay 
Siatice)\  Primulacece  {Audrosace,  Soldafielia,  Cyclamen^  Lysiniachia^ 
Primula^  AnagalliSy  Hottoniay  Sainoln5)\  Myrsinacea  (Myrsifte,  Ar- 
'iisiay  Theophrasta), 

Cohort  VII.  Ericales.  Corolla  hypogynous  or  rarely  epigynous, 
cramopetalous  or  rarely  apopetalous  ;  stamens  as  many  or  twice  as  maiiy 
as  corolla-lobes,  hypogynous  or  epipetalous;  ovary  uni-  or  multi-locular; 
Dvules  one  or  many  ;  stigma  simple,  entire  or  lobed ;  seeds  minute. 
Herbs,  shrubs,  or  trees,  often  with  heath- like  leaves,  or  sometimes 
parasitic.  Orders  : — Ericacea  (Arbutus,  Gualtheriay  Andromeda y  Erica, 
Caliuna,  Rhodora,  Phyllodoce,  Ledum,  Kalmia,  Azalea,  Rhododendron^ 

C  C  2 
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lifiijaa,   Clelhra) ;  Mottolrofacta  (Monotropa,   ZatAfaa) ;  Vactm 
"         ■     I,  Oxycxcos)  ;  Epacridea  (Epacri^  ;  jyrB/aiOf  {f^^ 


Cahon  Vllt  Campanales.    Flowers  usually  irregular,  md 
seiual  or  collected  into  involucraie  cap!  lula  ;  stamens  as  maiifKD 
lobes    or    fewer ;    trauj 


rarely  unMocular  ;  s»yle  sii  . 
stigma  often  enveloped  b 
sheath;  ovules  numerous,™'' 
solitary.  Herbs  or  rarelj  ^nil 
with  exstipu  late  leaves  and  nfi 
a  milky  juice.  Principal  M* 
Campanuiacta  {FAyleuna.  Jt 
one,  Specularia,  Campsrai 
Clinlonia,  LoMia). 

Cohort  IX.  ASTEUU 
Flowers  regular  or  in^ 
often  unisexual  and  colleclal  i* 
involucrate  capiluls ;  siana 
as  many  as  corolla-lote 
rarely  fewer,  epipetalous;  om 
uni-locular,  ovule  solilaij.  (' 
rarely  3-3-locular,  aU  h 
one  then  barren).       Herbs  " 


Fig.  498.— Dandelion,  TaraxiKum  aglcinali :  I.  entire plani  (naiural sin);  H  "■ 
ceplacle  wiiS  fniils  (magnifiKl). 

shrubs,   rarely  trees,   with  exstipulate  leaves ;  calyx-limb  usaallj  ^ 
(iuced  to  a  pappus,  or  absent.     (Figs,  498-503.)] 
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Harferden  atttntlUm»  (lulond  mm). 


390  Structural  and  Physiological  Botany, 


Order  I.  Composite.  This  order  is  not  only  one  of  the  largest, 
but  one  of  the  best  characterised  and  most  natural  in  the  vegetable 
kingdom.  It  numbers  about  twelve  thousand  species  distributed  over 
the  whole  surface  of  the  globe.     The  species  are  herbaceous,   rarely 

shrubby,  and  often  (Liguliflorse)  containing  a 
milky  latex  ;  the  leaves  are  exstipulate  and  usually 
alternate.  The  flowers  are  hermaphrodite,  male, 
female,  or  neuter  (containing  neither  stamens  nor 
pistil).  They  are  placed  on  a  common  broadly 
expanded  receptacle,  and  are  crowded  into  a 
capitulum,  and  surrounded  by  a  general  itwolucre 
of  densely  crowded  bracts.  The  individual  flowers 
are  usually  situated  in  the  axils  of  small  bracts, 
which  are  called  palely  and  the  receptacle  is  then 
said  to  be  paleaceous  ;  when  these  are  absent  it  is 
naked.  Rarely  each  flower  has  a  special  ittvo- 
Ittcel.  The  calyx  consists  of  an  epigynous  tube, 
the  free  margin  of  which  developes  after  the 
withering  of  the  flower,  sometimes  remaining 
membranous  and  entire,  but  usually  transformed 
into  bristles,  hairs,  scales,  or  a  silky  pappus  (see 
p.  127).  The  corolla  is  always  gamopetalous, 
and  is  usually  5-  but  sometimes  4-  or  3- 
cleft,  is  either  tubular  and  regular,  or  bilabiatt, 
having  in  the  latter  case  two  divisions  in  the  upper 
and  three  in  the  lower  lip,  or  ligiUate.  The  five 
stamens  are  attached  to  the  corolla-tube  and  are 
alternate  with  its  teeth  ;  their  filaments  are  free, 
but  their  anthers  coherent  into  a  tube  (syngetu- 
sifius)f  always  furnished  at  the  apex  with  one, 
sometimes  at  the  base  with  two  appendages.  The 
ovary  is  inferior  and  unilocular,  and  contains  a 
_  single  straight  pendulous  ovule.      The    style  is 

*diicoJ?,   CichoUum   divided  in  the  upper  part,  and  is  usually  furnished 

Jntybus,  with  coron-    with  collecting  hairs  which  act  like  a  brush  in  col- 
ate  pappus   (magni-    .  *' 

fied).  lectmg  the  pollen.     The   fruit  is  a  cypsela  con- 

taining a  single  seed  without  endosperm.  The 
flowers  (florets)  of  the  central  parr  of  the  capitulum  are  often  of  a 
different  structure  and  colour  from  those  of  the  margin  ;  and  the  two 
kinds  are  hence  often  called  florets  of  the  disc  and  florets  of  the  ray, 
[The  order  is  divided  into  three  suborders,  as  follows  : — 

I.  Liguliflora,      Flowers  all  hermaphrodite  and  ligulate  ;  style  with 


Fig.  502.  —  Pistil  of 
Eitpaiorium  (mag- 
nified). 


Fig.  503.  —  Fruit    of 
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frliform  branches,  pubescent ;  stigmatic  bands  separate,  and  not  half  as 
long  as  the  branches  of  the  style.  Herbs  with  alternate  leaves  and  a 
milky  latex  : — Catananche,  Cickarium,  Picris,  Crepis^  Hieracium^  Hy- 
pochariSf  Leontodoity  Taraxacuvi^  Lactuca^  Sonchus^  Tragopogoit, 
Scorzoneraj  Scolymtts. 

2.  Labiatiflora.  Corolla  of  the  hermaphrodite  flowers  usually 
bilabiate ;  of  the  male  and  female  flowers  ligulate  or  bilabiate  :•— 
Mutisia, 

3.  TubuliflorcB,  Flowers  sometimes  all  tubular,  regular  and  her 
maphrodite,  rarely  irregular  and  neuter,  sometimes  those  of  the  disc 
tubular,  of  the  ray  ligulate,  the  former  hermaphrodite,  the  latter  female 
or  neuter  : — Vernonia,  Eupatoriiimy  Mikania^  SoUdago^  Bellisy  Aster^ 
Erigeron^  Conyza,  Filago,  Gnaphaliuviy  Helichrysum^  Inula,  PtUkaria, 
Silphium,  Xanthiunty  Zinnia^  Rudbeckia^  HelianthuSy  Coreopsis^ 
Dahlia^  BidenSj  Achillea^  Anthemis^  Chrysafithemuntf  Matricartay 
Tanacetum^  Artemisia^  TussilagOy  Petasites^  Arnica,  Doronkum,  Cine- 
raria, Senecio,  Calendula,  Echinops,  Carlina,  Carduus,  Cnicus,  Ono- 
pordon,  Cynara,  Centaurea,  Carthamus.'\ 

Since  the  Compositae  abound  in  lalex,  bitter  principles,  and  volatile 
oils,  a  large  number  of  species  are  officinal,  while  others  are  of  technical 
or  economical  value.  Among  the  most  important  are  the  following  : — 
the  flowers  of  Arnua  niontana  ;  chamomile  flowers  from  Matricaria 
Chamomilla  and  Anthemis  nobilis  ;  wormwood  from  Artemisia  chinensis 
and  Absinthium  ;  coltsfoot  from  Tussiiago  Farfara  ;  the  leaves  of  Cniais 
benedictus  ;  the  roots  of  Lappa  tomentosa,  officinalis,  and  minor,  and 
Anacyclus officinanim  ;  elecampane  from  Inula  Helenium  ;  taraxacum 
from  Taraxacum  officinale ;  absinthe  from  Artemisia  Absinthium  ; 
the  ethereal  oil  of  the  tansy,  Tanacetum  vulgare ;  the  dried  latex  of 
Lactuca  virosa  and  saliva.  Mikania  Guaco  of  Central  America  is  a 
remedy  against  snake-bites  ;  the  crushed  flower-buds  of  Pyrethrum 
carneum  from  the  Caucasus  are  used  as  an  insecticide.  Among  culi- 
nary vegetables  are  the  lettuce  Lactuca  saliva,  endive  Cichorium  Endivia^ 
tarragon  Artemisia  Dracunculns,  chicory  Cichorium  Intybus,  scorzonera 
Scorzonera  hispanica,  the  Jerusalem  artichoke  Helianthus  tuberosus,  and 
the  artichoke  Cynara  Scolymus.  The  seeds  of  the  sunflower,  Heli- 
anthus annuus,  yield  a  useful  oil,  as  does  the  fruit  of  Madia  saliva  ; 
safflower  is  obtained  from  the  flower-heads  of  Carthamus  tinctorius. 
*  Everlastings  *  are  the  dried  flower-heads  of  species  of  Helkhrymm 
and  Gnaphalium,  and  G,  leontopodium  is  the  *  Edelweiss  *  of  the  Alps. 
The  common  marigold  is  a  species  of  Calendula, 

X  [To  this  cohort  belong  also  Valerianaceos  ( VcUeriana,  Centranthus, 
Fedia)  ;  and  Dipsaccuece  [Dipsacus,  Knautia,  Scabiosa\. 
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Cohort  X.  RuBiALES.  Flowers  regular  or  irregular  ;  stamens  u 
many  aa  corolla- lobes,  epipelalous  ;  ovary  3-  or  multi-locular  ;  ovales 
iolitary  or  numerous  ;  seeds  wilh  or  very  rarely  without  endosperm. 
Shrubs  or  trees  rarely  herbs,  wilh  opposite  or  venicillate  ofteu  stipulate 
lenves  ;  calyx  never  pappose. 

Order  i.  RtlBlACE^.  (Figs.  504,  505.)  Trees  or  shrubs,  rarelj 
'herbs,  with  simple,  entire,  opposite  leaves.]    The  stipules  are  in  many 


genera  so  similar  lo  the  true  leaves  as  to  give  (he  appearance  of  a  spa- 
rious  wborl.  The  stamens  are  equal  in  number  to  the  corolla-lobes  and 
allemale  with  them  ;  the  ovary  bilocular,  tlie  seeds  solitary  or  raidj 
two  in  each  loculos.  or  multilocularanijtheseeds  several  in  each  dinwn. 
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The  fruit  is  a  drupe,  berry,  capsule,  or  acbene,  or  is  sometimes  dehiscent ; 
the  endospenn  large  and  homy,  as  in  the  colTee-beny,  or  fleshy,  [The 
order  is  a  very  large  one,  and  is  divided  into  a  1bi|^  number  of  tribes. 


The  suborders  SUliata,  Cituhonca,  and  CafKaotsotne  authors  are  dii^tin- 
guished  by  the  first  having  the  leaves  in  apparent  whorls  ftota.tb£\Wjti- 
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petiolar  stipules ;  the  second  has  opposite,  leaves  and  a  multilocular 
ovary  with  uumerous  seeds  ;  the  third  opposite  leaves  and  a  bilocular 
two- seeded  ovary.     The  European  species  all  belong  to  the  Sidlata^ 
and  are  herbaceous.     Among  the  more  important  genera  of  the  order 
are  the  following  : — Uncariay  NaucUtty    Cinchona^  Cascarilla,    Conda- 
minea^    Mtissanda^   Gardenia^   Ixora,     Coffea,     Cephaelis,    Spermacociy 
Rnbia^    Gahunty  Aipenila,'\     It  includes   plants   of  very  great  medi- 
cinal and  economical  value.     Peruvian  bark  and  quinine  are  obtained 
from  various  species  of  Cincfiona^  all  natives  of  central  and  western 
South  America  ;  the  best  kind  is  the  product  of  C,  Calisaya  of  Bolivia  ; 
others  of  C.  glandttlifera  of  Peru,  C,  condamhiea  of  northern  Peru  and 
southern  Ecuador,  and  C.  siiccirnbra  of  Chimborazo.     It  is  cultivated 
with  success  in  Java  and  India.     Coffea  arabica,  the  source  of  coffee, 
grows  in  Arabia  and  the  East  and  West  Indies.     Ipecacuanha  is  the 
root  of  CephaSlis  Ipecacuanha  of  Brazil.     Catechu  is  the  product  of  the 
East  Indian  Uncaria  Gambir,     The  important  dye  known  as  madder 
is  obtained  from  the  root  of  Rubia  tinctorum. 

[The  only  other  order  belonging  to  this  cohort  is  Caprifolicueos  [Ley- 
cesteria,  SymphoricarpuSy  Linncca,  IVeigelta^  Lonicera^  Viburnum^ 
Sambiutis), 

Division  III.  Calyciflor^. — Sepals  connate^  rarely  free,  often 
adnate  to  the  ovary  ;  petals  distinct^  in  a  single  whorl,  perigynous  or 
epigynotts  ;  disc  adnate  to  the  base  of  the  calyx,  rarely  tumid  or  raised, 
into  a  torus  or  gynophore  ;  stamens  perigynous  or  epigynous,  usually 
inserted  in  or  beneath  the  outer  margin  of  the  disc  ;  ovary  frequently 
inferior. 

Cohort  I.  Umbellales.  —  Flowers  usually  hermaphrodite  ;  stamens 
usually  definite  ;  ovary  inferior,  i  -,  2-,  or  multi-locular ;  ovules 
solitary,  pendulous  ;  styles  free  or  connate  at  the  base  ;  ovules  with  the 
coats  confluent  with  the  nucleus  ;  seeds  albuminous  ;  embryo  usually 
minute  ;  flowers  generally  in  umbels.] 

Order  I,  UMBELLiFERyB.  (Figs. 505-51 3.)  Herbs,  rarely  shrubs, 
with  round  or  furrowed  jointed  stem,  and  alternate  usually  compound 
leaves  sheathing  at  the  base.  The  flowers  are  hermaphrodite  [except 
occasionally  the  outermost  in  the  umbel],  and  are  arranged  in  simple  or 
compound  umbels,  which  in  some  genera  are  contracted  into  capitula  by 
the  shortening  of  the  axis  ;  the  inflorescence  is  usually  surrounded  by  an 
involucre  consisting  of  a  single  whorl  of  bracts  ;  when  this  includes  the 
entire  inflorescence  it  is  called  the ^<?;//';'rt/ ///z/^/z/rr^  ;  when  it  includes 
only  a  secondary  umbel,  a  partial  involucre  or  involucel.  The  calyx-tube 
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is  adherent  to  the  ovaiy,  but  with  a  free  five-toothed  or  entire  margin 
[which  is  however  sometimes  almost  obsolete].  The  petals  are  five,  dis- 
tinct, entire,  emai^inxte  or  Iwo-lobed,  the  outer  ones  often  larger  than 


!):II.  fruii(nuignified}^ 

rayed;  adherent  to  the  calyx  andaltemile  with  its  teeth, 
are  five,  rolled  up  in  vernation;  the  osaryusualVj\i\-,vK*,-^ 
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nni-Iocalar,  andcontninsasinglependulousovule  in  eachloculus.  Each 
of  the  two  styles  is  expanded  at  iis  base  into  the  diie,  which  crowns  the 
apcK  of  the  ovary  and  is  termed  the  ttylapadt.     The  fruit  is  a  bipartite 


schizocarp  or  cremocarp,  separating  from  below  upwards,  two  halves 
{nuiicarps)  separatingfrom  the  columella  or  carfepkurt,  the  carpophore 
itself  splitting  from  the  apex  halfway  down  or  to  the  base  (Fig.  509). 


The  small  embryo  is  enclosed  in  the  apex  of  a  large  endosperm.  The 
free  and  usually  convex  outer  sides  of  the  mericarps,  which  are  attached 
to  one  another  by  Iheir  inner  surfaces,  are  termed  the  back,  and  each 
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mericarp   has  five  more  or  less  conspicuous  longitudinal   ridges  or 
primary  juga,  the  median  of  which  is  ^t,  carina  ;  the  two  outermost  are 
the  marginal  or  lateral ;  those  that  lie  between  the  intermediate  ridges. 
Alternate  with  the  primary  are  often  four  secondary  ridges^  which  are 
not  unfrequently  more  strongly  developed  than  the  primary  ones,  but 
are  always  at  once  recognised  by  their  position,  the  central  one  or 
carina  being  always  a  primary  ridge.     The  intervals  which  separate  the 
primary  ridges  are  termed  furrows ;  and  beneath  their  surface  are  a 
number  of  slightly  projecting  canals  or  vittce  containing  a  volatile  oil, 
which  are  usually  visible  only  on  making  a  transverse  section.     The 
endosperm  is  on  the  ventral  side,  and  is  either  flat,  in  the  suborder 
Orthospervite^  or  less  often  channelled  longitudinally  by  the   incurv- 
ing of  the  margins  [Campylosperma) ;   or  hollowed  out  {Coelosperma). 
[Among  the  very  numerous  genera  belonging  to  this  large  and  important 
order    are    HydrocotylCj    Eryngium,     Astrantia^    Sanicula^    Conium, 
Smymiumy  Bupleurttm^  Apium,  Cicuta^  Ammi,  Carum,   Sium^   Sison, 
y^gopodium,     Pimpinella,     Conopodium^      Myrrhis^     Charopkyllum^ 
Anthriscus^  Seseli,  Foeniculum^  Crithmum^  (EnantkCy  ^thusa,  Meum, 
Lignsticiim^  Ijrvisficum,  Angelica,  Archangelica,  Ferula ,  Paicedanum, 
Heracleum^  Opopanax,  Coriandrum,  Cuminumy  Dattcus,  Petroselinum, 
Pastinaca,    Bunium,    AnetAum.]      The   roots  contain    abundance  of 
resin,  and  the  fruits  a  volatile  oil.     Among  culinary  vegetables  are  the 
carrot  Dancus  Carota,  chervil  Anthiscus  cerefolium,  celery  Apium  gra- 
veolens,  parsley  Petroselinum  sativum,  parsnip  Pastinaca  satrva,  fennel 
Fceniculum  officinale,  &c.     Among  medicinal  products  are  the  caraway 
Carum  Carui,  coriander  Coriandrum  sativum,  water-fennel  (F.nanthe 
Phdlandrium,   dill   Anethum   graveolens,    anise   Pimpinella   Anisum, 
pimpinella   Pimpinella  Saxifraga,    archangel  Archangelica  officinalis, 
lovage  Levisticum  officinale,  assafoetida  Narthex  Assafatida,  ammoniacum 
Dorema  ammoniacum,    and  galbanum  Galbanum  officinale,   the    last 
three  from  Persia.     The  following  are  poisonous  : — Hemlock   Conium 
niaculatum,  fool's  parsley  Aithusa  Cynapium,  dropwort  CEnanthe  fistu- 
losa,    water-hemlock  Cicuta  virosa,    and    wild   chervil    Charophyllum 
temulum. 

[To  the  same  cohorih^Xong  Araliacece {Aralia,  Hedera,  Panax)',  and 
Cornaceos  {Cornus,  Benthamia,  Aucuba), 

Cohort  II.  FiC(»iDALES.  Flowers  regular  or  nearly  so  ;  ovary 
s)nicarpous,  inferior  half-inferior  or  superior  ;  unilocular  with  parietal 
placentae,  or  7r  to  multi-locular  with  basilar  or  axile  placentae  ;  seed 
albuminous  with  curved  embryo,  or  exalbuminous  with  oblique  embryo. 
Succulent  herbs.     Orders  : — Cactacca  (Melocactus,  Mamillaria,  EchinO' 
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cactus^  CereuSy  PhyllofactuSt  Epiphyllumy  RhtpsaliSy  Opuntia)\  Fuoidea 
{Aizootiy  Telephium)\  Mesembryanthemacea  {Mesenibryanthemuin). 

Cohort  III.  Passi  FLO  RALES.  Flowers  usually  regular,  hermaphro- 
dite or  unisexual ;  ovary  usually  inferior,  syncarpous,  unilocular,  with 
parietal  placentae,  sometimes  3-  or  multi-locular  by  the  produced 
placentae  ;  styles  free  or  connate.  Mostly  twining  or  climbing  herbs 
or  shrubs,  commonly  furnished  with  tendrils.  Principal  orders  x^Pas- 
sifloracece  {Malesherbia^  Passijlora^  Tacsouia,  Modecca^  Carua);  Cucur- 
bttacea  {Liiffa^  Momordica^  Cue  urn  is  ^  Ciirulius,  Cucurbita^  Bryonia  ^ 
Elaieriunij  Sicyos,  Gynos/empia)',  Begoniacea  {Begonia). 

Cohort  IV.  Myrtales.  Flowers  regular  or  nearly  so,  usually 
hermaphrodite  ;  ovary  syncarpous,  usually  inferior ;  styles  united,  very 
rarely  free ;  placentae  axile  or  apical,  rarely  basal.  Trees,  shrubs,  or 
rarely  herbs,  with  simple  usually  entire  leaves.] 

Order  I.  MYRTACEit.  Trees  or  shrubs,  rarely  herbs,  usually  with 
opposite  exstipulate  leaves,  which  appear  punctated  by  glands  contain- 
ing a"volatile  oil ;  flowers  solitary  in  the  axils  of  the  leaves  ;  stamens 
numerous,  with  the  filaments  sometimes  coherent  into  one  or  more 
bundles  ;  ovary  inferior  or  half-inferior,  uni-  or  multi-locular  ;  the  fruit 
a  berry  or  capsule,  generally  crowned  with  the  calyx-limb.  [Among  the 
more  striking  genera  of  this  large  and  important  order,  chiefly  natives 
of  tropical  or  subtropical  countries,  are  Callistemon,  Melaleuca^  Metro- 
sideroSj  CaloihamnuSy  J^ptospermum,  Eucalyptus^  Psidtum,  Myrtus^ 
Pimenia,  Eugenia^  Caryophyllus,  Barringtoniay  Beriholettiay  Lecythis, 
Napoleona^  The  flower-buds  of  Caryophyllus  aromaiicus  of  the  Moluccas 
and  Antilles  are  the  cloves  of  commerce ;  other  officinal  products  of 
the  order  are  cajeput-oil  from  Melaleuca  minor  of  the  Moluccas,  and 
kino,  the  dried  sap  o{  Eucalyptus  resinifera  of  Australia;  Eugenia  Pimenta 
of  the  West  Indies  is  known  as  allspice.  The  wood  of  Metrosideros 
vera  of  Australia  is  the  hard  and  valuable  iron-wood.  Several  species 
of  the  Australian  genus  Eucalyptus  or  gum-tree,  especially  the  Tasmanian 
E.  globulus,  are  much  cultivated  for  the  rapidity  of  their  growth  and  the 
anti-miasmatic  properties  of  their  leaves.  The  fruit  o^Psidium  pyriferum 
is  the  guava  of  the  West  Indies;  Brazil  nuts  are  the  seeds  o{  Bertholettia 
excelsa  of  Brazil  ;  the  fruits  of  Lecythis  ollatia  are  known  as  *  monkey- 
pots.* 

The  other  important  orders  of  the  cohort  are  Melastomacece  {Mela- 
stoma);  Lythracece  {Lythruniy  Lagerstroemia)\  Onagracea  {Epilobiuniy 
Fuchsia,  Jussieuay  Circcea^  Godetia,  Clarkia,  (Enothera)\  Rhizophoracecs 
{Rhizophora)\  Conibretacete  {Quisqualisy  Combretum,  Terminalts). 

Cohort  V.  RosALES.  Flowers  usually  hermaphrodite,  regular  or 
irregular ;  carpels  one  or  more,  usually  quite  free  in  the  bud,  sometimes 
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variously  united  afterwards  with  the  calyx-tube,    or  enclosed  in  the 
swollen  top  of  the  peduncle  ;  styles  usually  distinct  or  only  one.] 

Onief- 1.  LEGUMlNOSiC.  Herbs,  shrubs,  or  trees,  with  stipulate 
leaves,  usually  alternate  and  compound.  Calyx  either  imbricate  or  val- 
vate  in  bud,  2-lipped,  5-cleft  or  5-toothed,  the  odd  section  being 
below ;  very  rarely  4-cleft  ;  petals  equal  in  number  to  the  calyx- 
teeth,  seldom  fewer  ;  stamens  usually  double  as  many,  often  much 
more  numerous.  The  monocarpellary,  unilocular,  free,  superior  ovary 
develops  into  a  legume  or  lomentum,  bearing  on  its  ventral  suture  the 
seeds,  which  have  no  or  very  little  endosperm. 

This  very  large  and  important  order  is  divided  into  three  well-marked 
suborders,  as  follows  : — 

I.  PapilionacecB.  (Figs.  514-516.)  Herbs,  shrubs,  or  trees  of  very 
various  habit,  usually  with  alternate  and  compound,  pinnate  or  digitate 
leaves.  The  petiole  has  two  stipules,  and  sometimes  each  pinna  has  also  a 
stipella  ;  the  stipules  are  sometimes  transformed  into  thorns  [or  tendrils]; 
and  the  petiole  frequently  ends  in  a  tendril.  The  flowers  are  seldom 
solitary,  usually  collected  into  spikes,  racemes,  or  umbels,  but  never  in 
compound  inflorescences.  The  calyx  is  gamosepalous,  5-toothed,  and  often 
2-lipped  ;  the  corolla  attached  to  its  base,  and  irregular,  5 -leaved,  and 
papilionaceous.  The  two  inferior  petals  are  mostly  more  or  less  coherent 
and  form  the  keel  or  carina  (see  Fig.  253,  p.  152),  the  two  lateral  ones 
being  the  wings  or  al(£^  and  the  superior  the  standard  or  7fexillum.  Some- 
times all  the  petals  are  coherent  into  a  tube  [as  in  Trifolium\  The  fila- 
ments of  the  ten  stamens  are  either  coherent  into  a  tube  {nionadelphoui) 
surrounding  the  pistil,  or  nine  of  them  form  a  tube  open  above,  the  tenth 
lying  in  front  of  the  cleft  [diadelphons).  The  ovary  is  superior,  bearing  the 
ovules  on  its  ventral  suture  ;  usually  unilocular,  but  sometimes,  as  in 
Astragalus  (Fig.  288,  p.  142),  almost  bilocular  from  the  folding  in  of  the 
margin  of  the  carpel.  Tlie  fruit  is  a  unilocular  capsule  {legume),  splitting 
into  two  valves  by  both  dorsal  and  ventral  suture;  but  sometimes  nearly 
bilocular,  like  the  ovary,  or  multilocular  by  the  formation  of  masses  of 
cellular  tissue  between  the  seeds  ;  and  then  it  sometimes  breaks  up  into 
sections  by  the  contraction  of  the  pericarp  between  the  seeds,  when  it 
is  termed  a  lomentum  (Fig.  516,  II. ) ;  rarely  indehiscent,  as  in  the  sainfoin. 
Tlie  seeds  are  usually  exalbuminous,  rarely  with  a  small  endosperm ; 
the  embryo  curved,  with  the  radicle  lying  on  the  cleft  of  the  cotyledons. 
[Among  the  more  important  genera  are  Baptisia,  Crotalaria,  Lupinus, 
Genista,  Ulex,  Cytisus,  Ononis,  Trigonella,  Medicago,  Melilotus,  TrifoliutMy 
Anthyllis,  Lotus,  Psoralea,  Indigo/era,  Wistaria,  Robinia,  Colutea, 
Astragalus,  Oxytropus,  Glycyrrhiza,  Ornithopus,  Coronilla^  Hippocrefis, 
Iledysarum,  Onobrychis,  Adesmia,  Arackis,  Desmodium^    Cicer,    ViciA^ 
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Lem,  Lalhyrtu,  Pisunt,  Ketaudya,  Butta,  Phasrolus,  DtJichos,  Dalbtrgia, 
Pteroearpus,  Sophora,  Myraxyloji,  Sviartsia.\  The  most  valuable 
agricuUuril  and  culinary  plants  are  the  scarlet -runner  and  French  bean, 
Fhaseolus  multiflorus  and  i/nlgaris  ;  the  field  and  garden-pea,  Pisam 
iolk/um ;  the  vetch,  Vicia  la/rna  ;  the   bean,   f^icia  Faba  ;  the  lentil, 


Ervum  Lens  ;  the  chick-pea,  Cicer  aritinum  ;  the  lucerne,  Midicagv 
saliva  ;  the  sainfoin,  Onobryikis  saliva;  the  white  lupin,  Ltipinus  alius; 
and  the  clovers,  TrifcJium  praiense,  rtptns,  and  inearnatunt.  Among 
officinal  products  are  the  root  of  the  rest-harrow,  Onanii  spiitesflf  and 
S  D 
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the  foliage  and  inflorescence  of  the  melilot,  Mdilotus  officinalis,  Liquoria 
is  obtained  from  the  roots  of  Glycyrrhiza  cchinata  and  glabra  from 
southern  Europe  ;  several  species  of  Myroxylon  of  Peru  and  Colom- 
bia yield  balsam  of  Peru  ;  the  boiled  sap  of  the  bark  of  Drepano 
carpus  senegalensis  is  known  as  *  kino  africanum  ; '  gum-tragacanth  is 
obtained  from  several  species  of  Astragalus  from  Asia  Minor ;  and 
indigo  from  the  East  Indian  Indigo/era  tinctaria ;  sandal-wood  is  the 

I.  IL 


Fig.    515. —  Twisted   lep^me   of       Fig.  516.— I.  Legume  of  jG^wm/c  ;  11,  lomcn- 
lucerne,  Medicago  saiiva  (mag-  turn  ol  Hedysarum  (natural  size), 

nified). 

timber  of  Pterocarpus  santalinus  from  the  East  Indies.  [The  seeds  of 
Arachis  hypogcea  (earth-nuts)  are  eaten  in  the  West  Indies  ;  Colutca 
arborescens  is  the  bladder-senna.] 

2.   Casalpiniea.     This  suborder  is  distinguished  from  the  Papiliona- 
ceoe  by  the  almost  regular  not  papilionaceous  corolla,  which  is,  however, 
sometimes  absent,  by  the  straight  embryo,  and  by  the  ten  or  fewer 
stamens  being  all  free  (not  coherent).     They  are  always  trees  or  shrubs. 
[Important    gtner^ :— Casalpiniay    Hamatoxylon^    Gleditschia^   Cassia^ 
Ceraioniay    Bauhinia,     Cercis^     Amherstia^     Taniarindus^    HynundOy 
Copaifera.'\     This   suborder  is  entirely  extra-European,    but   yields  a 
considerable  number  of  officinal  or  economical  products.     Tamarinds 
are  the  fruit   of  the  East  Indian   Tamarindus  indica  ;  the  leave^  of 
Cassia  lanceolata  and  elongata  are  senna  ;   balsam  of  copaiba  comes 
from  several   species  of  Copaifera,    natives  of  the  West  Indies  and 
Guiana  ;  Ceratonii  Siliqua  of  the  eastern  Mediterranean  is  the  carob ; 
and  Dipteryx  odorata  of  Guiana  the  poisonous  tonka-bean.      Casd- 
pinia  echinata  and  brasilicnsU  of  Brazil  yield  Brazil-wood,  containing  A 
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ted  coloimng  principle  ;   C.  Sappan  is  the  red  Eappan-wood  of  Eastern 
India,  and  Hamalaxyloa  camfechuinuni  of  Centra!  America,  logwood. 

3.  ^iiH0iAZ  {Fig.  517)-     This  suborder  is  also  extra- European  and 
chietty  Australian  and  East  Indian.     Tbey  are  distinguished  from  the 


Fic  511.— Semidve-planl,  Mi 


Papilionacex  by  the  valvate  sslivation  of  the  calyx,  and  the  regular, 
often  gamopetalnus,  corolla.  The  stamens  are  sometimes  very  nu- 
merous, and  either  coherent  or  free.  [The  lea.sres  are  often  replaced 
by  phyllodes,)  see  p,  gl).  Principal  genera ! —jl/imoja,  At.tiia.  The 
suborder  includes  the  sensitive  plants  Mimosa  fuiUta  sxvi  uns'itrua 
DU  2 
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(sec  p.  202),  and  the  true  Acacias,']  Gum  arabic  is  obtained  from 
Acacia  Sn'aiy  tortilis^  and  Ehrenbergiana,  all  natives  of  tropical  Africa ; 
*  terra  japonica,'  or  catechu,  is  the  sap  of  Acacia  Catechu  of  Bengal 
dnd  Coromandel. 

Order  2.  RosACEiE.  The  leaves  are  stipulate  ;  the  calyx  regular  and 
usually  gamosepalous  and  5-partite,  the  odd  section  superior ;  the  co- 
rolla regular  ;  the  petals  distinct,  attached  to  the  margin  of  the  calyx, 
and  equal  in  number  with  its  teeth  ;  the  stamens  perigynous,  usually  many 
times  the  number  of  the  petals,  and  bent  inwards  in  vernation  ;  the  ovary 
sometimes  monocarpellary,  but  more  often  multicarpellary,  the  carpels 
being  either  free  or  coherent  with  one  another  and  with  the  caljrx  ;  the 
fruit  dry  or  succulent,  a  berry,  drupe,  or  a  number  of  achenes  or  follicles ; 
the  seeds  exalbuminous.  This  large  and  important  order  is  again  divided 
into  suborders  : — 

I.  Pomece.  (Figs.  518,  519).     Trees  or  shrubs  with  alternate  simple 
leaves  furnished  with  free  deciduous  stipules.  The  flowers  are  regular  and 


Fig.   518.  —  Longitudinal  section        Fig.   519.  —  Longitudinal  section  through  an 
through  the  flower  of  the  pear  apple  ;  c  dry  persistent  caiyx-liinb  ;  e  loculi 

(magnified).  with    cartilagmous  pericarp ;    t    mesocaip 

(reduced). 

• 

arranged  in  short  terminal  umbels,  racemes,  or  cjrmes,  often  corymbose ; 
the  calyx-limb  is  5-cleft  or  5-toothed,  imbricate  in  aestivation,  and  re- 
maining dry  and  persistent  on  the  fruit  ;  the  stamens  numerous,  and,  like 
the  five  petals,  attached  in  a  ring  to  the  base  of  the  calyx  (Fig.  518) ; 
the  ovary  is  as  a  rule  5-,  more  rarely  2-  or  3-locular,  each  loculus 
usually  containing  two  ovules  ;  styles  equal  in  number  to  the  loculi. 
The  fruit  [or  pseudocarp  (see  p.  147)]  is  succulent,  a  berry  or  pome,  or 
formed  of  a  number  of  drupes,  the  pericarp  being  thin,  cartilaginous, 
or  stony.  [Principal  genera  : — Pyrus,  Coioneastery  Cratcegus,  Mdus-, 
SorbuSy  MespilttSf  Cydonia.]  Among  edible  fruits  are  the  apple  awl 
pear  Pyrus  Malus  and  communis^  the  quince   Cydonia  vulgaiU^  the 
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medlar  MespUvt  gemiatiica,   the  hawthorn  or  whitelhom   Cra/iegui 
exyoiantha,  and  the  mountain  ash  Sorbiis  auaiparia. 

3,  Rosat  (including  Sanguisorbe;e,  Dryadeif,  and  Spir!ee:e)  (Figs. 
520-522).  Herbs,  shrubs,  or  trees,  usually  with  pinnate  or  digitate 
leaves,  provided  with  stipules  adherent  to  tlie  base  of  the  petiole.     In 


-Saienuo 


i.-Fniilofdewbmy(^B- 
smgle  drupel  (mBgniAed)- 
the  number  and  structure  of  (he  parts  of  the  flower  Rosese  agree  for  the 
mast  part  with  Fomea^  but  are  best  distinguished  by  the  numerous 
free  and  unilocular  ovaries,  not  adherent  to  the  calyx.  The  5.,  rarely 
4-clert  gamosepalous  calyx  has  a  tube  of  various  siruclure,  and  is  onen 
surrounded  by  a  4-  or  ^-cieft  epi-calyx 
or  involucre,  the  leaves  of  which  alternate 
with  the  sepals  ;  the  petals  are  perigynous 

so  few  as  five,  usually  12  to  100,  free  and 
also  perigynous  ;  the  ovaries  mostly  with 
only  a  single  anatropous  ovule  ;  and 
the  style  usually  more  or  less  lateral. 
[Principal  genera  : — Rosa,  Ahhemilla,  Fo- 
terium,  Sauguisorba,  Agrimonia,  Riibus, 
Fragaria,     Geum,    Contarum,   Dryas,    Pe-    ^,^   ^ 

lentUla,  Spirsa.'S  The  fleshy  calyx-lube  'he  row.  ote  ng.  250,  p. 
or  receptacle  of  the  rose  forms  an  edible  '^' 
p-eudocarp  known  as  a  hip  ;  true  edible  fruits  are  borne  by  the  raspberry 
Rubiis  Idaus,  and  blackberry  R.  frvtkosus  ;  an  edible  receptacle  or 
pseudocarp  (see  p.  146)  by  the  strawberry /ro.pirw  vesca,  elalior,  tixtA 
grandi/olia.  Oil  of  roses  is  obtained  from  Rssa  mosihaia  and  dama- 
scena  of  Asia  Minor.  The  bark  of  QuUlaja  saponaria  of  Chile  is  sapona- 
ceous, and  known  as  soap-wood  ;  the  flowers  of  Margtra  antMminlua 
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of  Abyssinia  are  a  powerful  anthelmintic  ;  the  root  of  Geum  urhatmm 
and  of  Tornientilla  recta  are  also  officinal. 

3.  Amygdale^  (or  Drupaceae).     Shrubs  or  trees  with   simple  alter- 
nate leaves  provided  with  free  deciduous  stipules.     This  suborder  is 
distinguished  from  the  rest  of  the  order  by  the  ovary,  which  is  composed^ 
of  a  single  superior  carpel  not  adherent  to  the  calyx,  and  which  deve- 
lopes  into  a  drupe  (see  p.  152).     In  the  course  of  development  the  peri- 
carp becomes  differentiated  into  three  layers,  of  Which  the  outermost  or 
epicarp  forms  a  more  or  less  tough  skin,  the  middle  layer,  the  ntesocarp 
or  sarcocarpj  a  more  or  less  pulpy  flesh,  "and  the  inner  one,  the  endocarp 
or  puiameftf  a  hard  stone.     The  fruit  contains  one  or  rarely  two  seeds 
with  fleshy  cotyledons,  and  radicle  directed  upwards  (see  Figs.  220  and 
325    I.    pp.    119,   153).      [Principal    genera  : — Amygdalusy     Cerasus; 
Perstca,  Prutius^  Artftmiaca.l     This  suborder  is  marked  by  the  ten- 
dency to  form  substances  containing  hydrocyanic  acid,  which  is  found 
especially    in   the  seeds  of  the  peach,    apricot,    cherry,    plum,  sloe 
Primus  spinosa^  bitter  almond,  and  in  the  leaves  of  the  cherry-laurel 
Prunus  lauro-cerasus.     Edible   fruits  or  seeds  are  furnished  by  the 
almond    Amygdalus   communis^    peach    Persica    Tmlgaris^     nectarine 
P.  l{erisy  cherry,  species  of  Cerasus,  apricot  Arnieniaca  vulgaris^  and 
plum  Prtinus  domestica,     [The  stem  of  many  species  yields  gum,  and 
the  wood  a  valuabls  timber  for  cabinet-work. 

Besides  other  less  important  orders  belonging  to  this  lai^e  cohort, 
are  Saxifragacece  {Saxifraga^  ChrysospUnium,  Hoteia^  Astilbe^  Cunonia^ 
Hydrangea^  Escallonta,  Deuizia,  Ribes,  Cephalotus,  Pkiladelphus, 
Pamassia)  ;  Crassulacece  (Ttllaa,  Cotyledon,  Crassula,  Sedum,  Sem- 
pervrvum,  Bryophyllum,  Echeveria,  Umbilicus) ;  JDroseracece  {DroserOj 
Dioncea  ;  see  pp.  163,  203). 

Division  IV.  Disciflor^.— i^/^/j  distinct  or  united,  free  or  adnatet> 
the  ovary ;  petals  distinct;  disc  usually  conspicuous  as  a  ring  of 
cushion,  or  spread  over  the  base  of  the  calyx-tube,  or  confluent  with  the 
base  of  the  ovary,  or  broken  up  into  glands  ;  stamens  usually  definite, 
inserted  upon  or  at  the  outer  or  inner  base  of  the  disc ;  avarr 
superior. 

Cohort  I.  Sapindales.  Flowers  often  irregular  and  unisexual; 
disc  tumid,  adnate  to  the  base  of  the  calyx  or  lining  its  tube  ;  stamens 
perigynous  or  inserted  upon  the  disc,  or  between  it  and  the  ovary, 
usually  definite  ;  ovary  entire,  lobed,  or  apocarpous  ;  ovules  one  to  two 
in  each  loculus,  usually  ascending  with  a  ventral  raphe,  or  reversed,  or 
pendulous,  from  a  basal  funiculus,  rarely  indefinite  and  horizontal ;  seed 
usually  exalbuminous  ;  embryo  often  curved  or  crumpled.     Shrubs  or 
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trees,  mostly  with  compound  leaves.  Principal  orders  : — Sapindacece 
{Paullinia,  ^sculus,  Sapiftdus^  Pcnna^  Acer,  Negundo,  Dodoncea, 
Siaphylea)  ;   Terebinthacea  {Rhus,  Pistacia,  Mangifera,  Anacardium), 

Cohort  II.  Celastrales.  Flowers  hermaphrodite,  regular  ;  co- 
rolla hypogynous  or  perigynous  ;  disc  tumid,  adnate  to  the  base  of  the 
calyx-tube  or  lining  it ;  stamens  as  many  as  the  petals  or  fewer,  rarely 
twice  as  many,  perigynous  or  inserted  outside  the  disc  or  on  its  edge  ; 
ovary  usually  entire  ;  ovules  one  to  two  in  each  loculus,  erect ;  raphe 
ventral.  Shrubs  or  trees,  rarely  herbs,  usually  with  undivided  leaves. 
Principal  orders  : — Cdastracea  {Euonymus,  Elceodeiidron,  Celastrus^ 
Hippocratid)  ;  Rhamnacea  {PaliuruSj  Zizyphus,  Rhamnus,  Ceano- 
thus)  ;  AtnpelidecR  {CissuSy  Vitis,  Ampelopsis). 

Cohort  III.  Geraniales.  Flowers  often  irregular ;  disc  usually 
annular,  adnate  to  the  stamens  or  reduced  to  glands,  rarely  absent  ; 
ovary  multicarpellary,  syncarpous  or  subapocarpous;  ovules  one  to  two, 
rarely  numerous  in  each  carpel,  ascending  or  pendulous  ;  raphe  usually 
ventral.  To  this  very  large  cohort  belong  the  following  orders,  in 
addition  to  others  of  less  importance: — Linacece  {Linum,  Erythroxylon)\ 
MalpighiacecB-  (Malphigid)\  Zygophyllacecs  [Tribulus^  Zygophylluniy 
Fagonia,  Guaiacum);  Geraniacece  {Gerattium,  Erodiuni,  Pelargonium^ 
TropaolufUy  Limuanthe^y  Oxalisy  Biophytuniy  Averrhoa,  Impatiens)  ; 
Rutace<3e  {Ruta,  DictamnuSy  Peganuniy  Diosmdy  Barosmay  Eriostemotty 
Correay  Zanthoxyluniy  CitruSy  ^ghy  Ltmonia)'y  Simarubacea  {Quassiay 
Samadera,  Simabay  Cneoruniy  Simarubay  Brucea,  AilantuSy  BcUaniteSy 
Picraviuid)  ;  Burseracece  {Boswelliay  Canariuniy  BalsamodendroHy  Bur- 
seray  Amyris)  ;  Meliacece  {Meliay  Swieteniay  Cedrelay  Chloroxylon). 

Division  V.    THALAMiFLORi«. — Sepals  usually  distinct  and  separate^ 
free  from  the  calyx  ;  petals  in  one,  twOy  or  many  whorlsy  hypogynous  ; 
stamens  hypogyftouSy  rarely  inserted  on  a  longer  or  shorter  receptcu:le 
or  on  a  disc  ;  ovary  superior. 

Cohort  I.  Mal VALES.  Flowers  usually  regular ;  sepals  five,  rarely 
two  to  four,  free  or  united,  valvate  or  imbricate  ;  petals  as  many  as 
sepals,  or  absent ;  stamens  usually  indefinite  and  monadelphous  ;  ovary 
3-locular  or  more,  rarely  monocarpellary ;  placentation  axile. 
Shrubs,  rarely  herbs  or  trees,  with  alternate,  usually  stipulate,  simple 
or  compound  leaves.]  , 

Order  I.  MALVACEAE.  (Fig.  523.)  Herbs,  shrubs,  or  trees,  with 
simple,  alternate,  stipulate  leaves.  The  calyx  is  3-  to  5-cieft,  and  usually 
surrounded  by  an  epi -calyx  or  involucre  of  bracts  ;  the  petals  are  ea^alvc^ 
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number  to  the  lobes  of  the  calyx,  and  contorted  in  aestivation  [while  the 
calyx  is  valvate] ;  the  filaments  of  the  numerous  stamens  are  coherent  at 
their  base  with  the  petals,  and  united  into  a  tube  which  encloses  the 
superior  ovary  ;  the  anthers  are  unilocular  and  dehisce  in  a  semicircular 
line  ;  the  ovary  multicarpellary,  the  carpels  arranged  round  a  central 
axis,  and  either  free  or  united  ;  the  fruit  a  capsule  or  schizocarp  ;  the 
cotyledons  of  the  straight  embryo  are  folded  together,  and  the  seed  has 
little  or  no  endosperm.  [Principal  genera  : — Malope^  Alihaa,  Lavatera^ 
Malva,  Hibiscus,  Gcssypiuntf  Sic/a,  ylduti/on,  AJansonia,  Bombax, 
Eriodendron^  Durio.]  Many  plants  belonging  to  this  order  are  officinal 
on  account  of  the  qaantity  of  mucilage  they  contain,  as  the  roots  of 
Althcea  officinaliSy  ihe  flowers  of  the  hollyhock  Althcea  rosea,  and  of 
A.  sylvesiriSf  and  the  foliage  of  Malva  rotundifolia.  Cotton  consists 
of  the  hairs  attached  to  the  testa  of  several  species  of  Gossypiiim, 
especially  G,  herbaceum,  arboreuniy  and  religiosum,  natives  of  all  tropical 
countries.  The  baobab,  Adansonia  digitata  of  West  Africa,  is  one  of  . 
the  most  gigantic  of  trees.     [The  fruit  of  Durio  is  edible. 

The  other  orders  of  the  cohort  are  Sterculiacea  {Lasiopetalum^ 
Buttnerta,  Theobroma,  Sterculia^  Thomasia) ;  and  Tiliacea  {Grrwia, 
Tilia,    Triumfetiay  CorchoruSy  Elaocarpus). 

Cohort  II.  GUTTIFERALES.  Flowers  regular  ;  sepals  and  petals 
each  usually  four  or  five,  imbricate  in  bud  ;  stamens  usually  indefinite  ; 
ovary  3-  to  multi-locular,  .rarely  I-  or  2-locular ;  placentation  axile. 
Trees  or  shrubs,  rarely  herbs.  Principal  orders  : — Hypericacea  {^Hyperi- 
cum) ;  GuttifercB  ( Cittsia,  Garcinia) ;  Cavielliacece  {Ternstramia,  Camellia^ 
Thea,  Caraipa,  Marcgravia)\  Dipterocarpacece  {Drynbalanops,  Dipiero- 
carpus y  Shorea,  Vaieria). 

Cohort  III.  Caryophyllales.  Flowers  regular;  sepals  two  to 
five,  rarely  six  ;  petals  usually  as  many  as  sepals  ;  stamens  as  many  or 
twice  as  many,  rarely  more  or  fewer ;  ovary  unilocular,  or  imperfectly 
2-  to  5-locular ;  placentation  free  central,  rarely  parietal  ;  ovules 
campylotropous  ;  embryo  usually  curved,  in  a  floury  endosperm.] 

Orrtb*  I.  Caryophyllace^.  (Figs.  524,  525.)  Herbs,  very  rarely 
shrubs,  with  simple,  entire,  opposite  leaves,  springing  from  tumid  nodes, 
and  cymose  inflorescence.  The  flowers  are  regular  and  pentamerous  ; 
the  calyx  5-cleft  or  5-toothed,  sometimes  of  5  distinct  sepals  ;  the 
corolla  of  5  distinct  petals,  which  are  often  deeply  bifid  ;  the  stamens 
10,  in  two  rows,  though  all  are  not  always  perfectly  developed,  the  five 
inner  ones  often  coherent  with  the  base  of  the  petals  ;  the  pistil  consists 
of  from  two  to  five  carpels ;  the  placentation  Is  free  central,  from  the 
original  dissepiments  breaking  away  from  the  outer  wall  of  the  ovary 
before  maturity  ;  the  styles  are  free  and  equal  in  number  to  the  ou^w-ai. 
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divisions  of  the  ovary;  the  Truit  a  capsule  dehiscing  with  teeth.  The 
seeds  have  a  floury  endosperm,  and  a  long  curved  embryo,  which  dlhef 
entirely  surrounds  the  endosperm  or  lies  on  one  side  of  it.  Some  specie 
are  monoecious,  dicecious,  or  polygamous,  from  the  abortion  of  pistil  or 
stamens.  |  Principal  genera  -.—AgTOSttaima,  Sitrat,  Lychnis,  Cucubabn, 
Viuaria,  Saponaria,  Cy/nefihila,  Dianfhus,  Cerastium,  Sitifaria,  Art- 
Maria,  Alsiiie,  Sptrgula.}     With  (he  exception  that  some  species  ut 


sapocaceous,  the  order  is  entirely  destitute  of  economic  properties ;  bnl 
many  are  grown  in  gardens  for  the  beauty  of  their  flowers. 

[The  only  other  order  of  importance  belonging  to  the  cohuTt  B 
Porlula<acex  i,Claytonia,  Portuliua,  Stsavium,  MoUii^o). 

Cohort  IV,  POLVGALALES.     Flowers  regular  or  irr^ular ;  leptls 
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and  petals  five  each,  rarely  four  or  three  ;  stamens  as  many  or  twice  as 
many  as  petals  ;  ovary  i-locular,  rarely  unilocular  or  more ;  endo- 
spenD  fleshy,  rarely  absent.  Herbs,  shrubs,  or  trees,  with  exslipulale 
leaves.     Principal  order  Polygalacea  {Folygata,  Krameria,  Stcuridaca). 

Cohort  V.  Parietales.  Stamens  definite  or  indefinite  ;  carpels 
connate  into  a  unilocular  ovary  with  parietal  placentation,  rarely  spuri- 
ously bilocular  or  more  by  the  prolongation  of  the  placenta  (carpels 
occasionally  free  ;  ovary  occasionally  3-locular  or  more).] 

Order  \.  Fapaverace,^.  (Fig.  516.)  Herbs  withayellowor  while 
latex.   The  sepals  are  two,  distinct,  deciduous;  the  petals  four,  arranged 


in  Iwo  whorls,  regular  [and  deciduous]  ;  the  stamens  indefinite,  free  and 
hypogynous  ;  the  ovaty  unilocular  or  spuriously  multilocular  ;  the  seeds 
with  a  small  straight  embryo  at  the  base  of  a  copious  endosperm  ;  the 
fruit  a  capsule,  either  bursting  into  two  valves,  and  resembling  a  siliqua 
(Fig.  526,  II.),  or  opening  by  pores,  four  to  twenty  in  number,  situated 
beneath  the  peltate  s'igma  (see  Figs.  Z33,  194,  313,  pp.  126,  144, 
158).  [Principal  genera;  —  PlutytleiHiHi,  Chrlidonium,  Sangumaria, 
Papavir,  Eschscholhia,  Argcmoiii,  Glaucium,  Maonepsis,  R<i:mcria\ 
Among  officinal  products  of  the  order  are  the  foliage  of  the  larger 
celandine  Chetidonium  iiiajus,  the  petals  of  the  common  poppy  Papaz-rr 
Pkinas,  and  the  dried  latex  of  the  unripe  capsules  of  the  opium-poppy 
Papaver  somnifentm.  The  latter  is  an  important  article  of  commerce 
from  ^ypl,  Turkey,  [India,  and  China],  yielding  opium  and  laudamttn. 
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Order  2.   CrucifeR:*.     (Figs.   5*7-53^}      Herbs  wilh  alle 
I  siipulale  leaves.  The  sepals  are  four,  usually  deciduous;  the  petals 
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alternate  with  ihem,  arranged  in  a  crosa,  and  usually  unguiculate  }  the 
slamens  six,  i^radynamom,  the  two  shorter  ones  l>elonging  tu  an  outer 
whorl  and  opposite  to  the  carpels,  the  four  longer  ones  to  an  inner  whorl 
^nd  attached  in  front  of  the  placenta  (see  Figs.  21x1,  204, 
pp.111, 112).  The  ovary  is  superior  ;  the  fruil  LIS  a  rule  a  bilo- 
cular  capsule,  bursting  from  the  base  upwards  ;  if  it  is  several 
times  longer  than  broad,   it  is  termed  a  iUiqua  (Fig.  52S, 
II.);  if  only  slightly  or  not  at  all  longer  than  broad  a  silkula 
(Fig.  527).     According  as  the  dissepiment  or  rcplum,  when 
seen  in  transverse  sections,   occupies  the  shorter  or  longer 


^XiBxai^al latlitinetma:  II.ir>nv 
■  "f-iEUHbeplsiUcutaof  CnilK/i,;  III. 
of  lui»pl  ulicula  a  of  CatHdina ; 
IV,  lomenlumor/fi/taiBi. 


diameter,  thesilicula  is  said  to  be  an^urtii//^,  as  in  the  she pheni's  purse, 
Capsella  (Fig.  530,  II.),  01  latiiefit  as  in  CamtUaa  (Kig.  530,  111.).  Less 
often  the  siliijua  splits  transversely,  forming  a  hmentum,  as  in  the  radish, 
Rapkansis  (Fig.  5J0,  IV.),  Or  the  fruit  is  a  schizocarp,  often  at  tirst 
bilocular,  but  ultimately  unilocular  by  the  disappearance  or  perforation 
of  the  dissepiment,  as  in  the  dyer's  woad /fuhi  (Fig.  530,  I.).  The  seeds 
ore  exalbuminous,  with  acurved  embryo,  the  position  of  which  is  an  im- 
ponanl  character  in  the  dassiiication  of  the  genera  belonging  to  the  order 
(see  p.  157).  [This  large  and  important  order  is  divided  into  several 
suborders,  and  includes  a  large  number  of  genera,  of  which  the  fol- 
lowing are  ihe  more  important : — MaUhiala,  Charanl/ins,  Nasliirliam, 
Barbarta,  Aralris,  Cariiamine,  Anaslalica,  Lunaria,  Auhriilia,  Vakaria, 
Alyssuia,  Draba^  Cochliaria,  Sckhofetalum,  Hesperii,  Makolmia, 
Siiymirium,   Erytimum,  Braya,    Camdma,  Bratska,  Sinaftt,  Eru- 
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castrum,  Diplotaxis,  Vella,  Capiella,  Setiebtera,  Lepidium^  Megacarpaa, 
Thlaspiy  Iberis,    Teesdaiia,  Isatiif  Myagrtwt,  Bunias,   Crambe^  Cakile^ 
Enuaria^  Raphanus^  Dentaria^   Alliariay  Armor acia^    PHuglea.'\    It 
furnishes    a    large   number  of  culinary  vegetables.       The    common 
cabbage,  Brassica  oleracea^  is  the  parent-form  of  all  the  varieties,  as 
kohl-rabi,  savoy,  Brussels  sprouts,  broccoli,  cauliflower,   &c.   [the  two 
latter  forms  owing  their  peculiarity  to  a  suppression  of  the  floral  oigans, 
and  an  abnormal  development  of  the  pedicels  of  the  inflorescence].  The 
seeds  of  other  species  contain  an  oil  known  as  rape-seed  oil.     The 
turnip  and  Swede  afe  varieties  of  Brassica  Napus.      Other  culinary 
species  are  the  water-cress  Nasturtium  officinale^  and  the  garden-cress 
Lepndium  sativum.    The  rhizome  of  Cochlearia  Armoracia  is  known  as 
horse-radish  ;    the  root  of  Raphanus  satrvus  is  the  common  radish ; 
mustard  is  obtained  from  the  seeds  of  Sinapis  nigra,      [The  antiscor- 
butic properties  possessed  by  so  many  plants  belonging  to  this  order 
are  due  to  the  presence  of  a  principle  containing  sulphur.]     A  large 
number  of  species  are  grown  for  the  beauty  of  the  flowers,  among 
others  the  so-called  *  rose  of  Jericho,'  Anastatica  hierockuntica,     [The 
leaves  of  the  woad,  Isatis  tiftctoria,  yield  a  blue  dye. 

The  remaining  orders  of  importance  belonging  to  the  cohort  are 
Fiimariacece  (Hypecoum^  Dicentra,  Fumaria,  Corydalis)  ;  Capparidca, 
{Cleome^  Capparis)\  Resedacece  {Reseda)  \  Cistacece  {Ctstns^  Hdian- 
themiim)  ;  Violacece  ( Viola^  lonidium^  Alsodeia) ;  Bixacece  {Bixaj  Cock- 
iospermum^  Flacourtia), 

Cohort  VI.  Ranales.  Stamens  almost  always  indefinite; 
carpels  free  or  immersed  in  the  receptacle,  very  rarely  s)mcarpous ; 
micropyle  usually  inferior  ;  embryo  minute  in  a  fleshy  endosperm.] 

Order  I.  Ranunculace.^  (Figs.  531-533)-  Herbs  with  alternate,  or 
less  often  shrubs  [with  opposite]  leaves,  exstipulate  and  often  divided  and 
semi  amplexicaul.  The  sepals  are  from  three  to  six,  [deciduous]  and  often 
petaloid  ;  the  petals  from  4  to  15,  arranged  in  one  or  more  rows, 
[some  or  all  of  them]  often  small  and  assuminT;  the  form  of  nectaries, 
(Fig-  533  I"-)  ;  or  the  corolla  is  entirely  absent  ;  the  stamens  free,  in- 
definite, and  hypogynous.  The  fruit  consists  of  an  indefinite  number  of 
one-seeded,  indehiscent  achenes,  each  representing  a  carpel  with  its 
own  style  and  stigma  [Ranunculus,  Aneffione\  or  of  several  follicles, 
i..e.  capsules  opening  by  the  ventral  suture  only,  [CaUAa,  Faonia,  Del- 
phimum,  Aconitum\  or  is  more  rarely  a  one-  or  several-seeded 
berry  [Actcca],  The  small  embryo  is  enclosed  in  a  copious  fleshy 
endosperm.  [Among  the  more  important  genera  of  this  large  order 
are  Clematis^  Tlialictrum,  Anemone,  Adonis,  Myosurus;  Ranunculus, 
Calthat  Hydrastis,   Trollius,  Helleborus^  Eranthis,  Nigella,  Aquikm, 
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LiHaald,  Cnllka  patutlrit ;  I,  part  of  pL 
uSling  of  fallicii^  (oalunl  >be). 


monkshood  Amnitum  NaptUus,  the  seeds  of  Ddph'miam  Slafihisagria 
of  Europe,  and  the  io\\a%t  of  A  lumone  FulsaliUa.    Many  are  poisonous, 


s  species  of  HelUboms  and  Acenilum,   and  Ranunculus 
iceltratm ;  and  a  la^  number  are  grown  as  ornamental  plants. 
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[Tbe  remaining  more  important  orders  of  the  cohort  are  Magnoliatai 
{Magnolia,  Liriodindron,  Drimys,  Illkium) ;  Anonatete  (Uvana, 
jlmina) ;  Mtnisptrmacea   (CisiampeUt,    Cocadus,    Aitamirta,   Slmi- 


J3,- Monkshood.  AeeHitnm  Naptlla: 
[oral  ilLagram :  III.  Bower  (magnified),  th 

.educed  10  Kales  or  allogtlher  abonive, 

sfo-miim)  ;  Bei-btridfa  {Bn-beris,  Afahania,  Ef«intdium,  PodophyHan) ; 
Nymphaacia  \Nuphar,  Nympksa,  EuryaU,  Vutaria,  Cabomba,  A> 
liniiiuim).'^ 
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CHAPTER  VII. 

THE  CHANGES  WHICH  HAVE  TAKEN  PLACE  IN  THE  VEGE- 
TATION  OF  THE  GLOBE  IN  THE  COURSE  OF  GEOLOGICAL 
PERIODS. 

Geology,  or  the  history  of  the  formation  of  the  earth,  proves 
that  the  distribution  of  land  and  water  on  the  surface  of  the 
globe  has  not  always  been  the  same  as  it  is  now  ;  many  dis- 
tricts which  are  now  continents  were  at  one  time  seas,  and 
vice  versa.  The  main  agent  in  carrying  away  masses  of  land 
from  one  spot  and  reconstructing  them  in  another,  has  been 
water,  either  slowly  by  gradual  action,  or  suddenly  by  mighty 
convulsions.  Some  idea  may  be  conceived  of  the  extent  of 
this  agency,  from  the  reflection  that  the  mass  of  particles  in 
a  state  of  suspension  and  solution  which  the  river  Ganges 
now  carries  down  to  the  sea  every  year  is  equal  in  bulk  to 
seventy  pyramids  as  large  as  the  largest  of  the  Egyptian 
pyramids,  that  of  Cheops.  Wherever  the  substances  that  are 
carried  down  are  deposited  at  the  bottom  of  the  sea  or  in 
sea-basins,  strata  are  formed  which  at  first  fill  up  the  un- 
evennesses  of  the  ground,  the  uppermost  layers  then  forming 
gradually  more  and  more  horizontal  deposits.  On  strata  of 
this  nature  already  in  existence  fresh  layers  of  different  sub- 
stances are  everywhere  deposited.  Such  a  stratification  of 
the  crust  of  the  globe  has  not  however  occurred  once  only 
or  a  few  times  at  one  particular  spot ;  but  at  almost  every 
place  where  the  surface  has  been  excavated  it  manifests  a 
structure  stratified  in  the  greatest  variety  of  ways. 

Nothing  is  more  natural  than  that  inr  these  changes  which 
have  taken  place  on  the  surface  of  the  earth,  multitudes  of 
plants^  should  have  become  enclosed  in  the  soft  deposits  of 

^  No  account  is  taken  in  the  sequel  of  the  preservation  of  animal 
remains. 

£  E 
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mud,  and  their  remains  preserved  in  the  rock  which  results 
from  the  hardenmg  of  the  mud  The  soft  and  delicate 
l)arts  could  not  be  perpetuated  m  this  manner,  and  it  is 
found  in  fact  that  onU  the  harder  parts,  hke  the  wood,  bark, 


and  fruits,  are  preserved  (Fig.  534).  The  softer  portions 
have  been  more  or  less  quickly  decomposed  ;  although,  undo 
specially  favourable  conditions,  there  has  been  some  preser- 
vation even  of  them.     The  delicate  parts,  for  example,  are 


Palceophytology.  419 

found  enclosed  in  amber,  and  even  in  diamonds,  or  have 
been  covered  up  by  the  hardening  mud,  and  have  at  least 
left  impressions  in  it,  from  which  the  form  and  even  the 
species  can  be  recognised.     The  numberless  small  cavities 
— cells  and  intercellular  spaces — which  are  found  in  the 
substance  of  the  plant  are  also  not  unfrequently  filled  with  a 
fluid,  the  mineral  constituents  of  which — usually  silica — be- 
come gradually  solid,  and  thus  preserve  the  structure  of  the 
plant  in  a  fossil  form,  the  organic  parts  undergoing  decom- 
position.    From  *the  mode  in  which  these  impressions  and 
fossils  are  formed,  it  is  evident  that  they  can  be  found  only 
in  stratified  rocks.     The  number  and  systematic  position  of 
the  fossil  remains  obtained  in  this  manner  vary  greatly  in 
the  different  superincumbent  strata  ;  but  are  subject  to  the 
following  general  rules  : — In  the  lowermost  and  consequently 
the  oldest  strata  no  remains  of  plants  now  living  are  found. 
In  the  higher  strata  are  found  gradually  more  and  more 
highly  organised  kinds,  and  more  nearly  allied  to  those  at 
present  existing ;  this  being  most  strikingly  manifested  in 
the  uppermost  or  most  recent  beds,  in  which  a  number  of 
fossil  plants,  or  their  impressions,  are  found,  which  belong 
to  our  existing  flora.     If,  indeed,  an  attempt  is  made  to 
form,  from  the  few  remains  at  present  found,  an  idea  of  the 
entire  vegetation — not,  perhaps,  of  the  whole  earth,  but  of 
those  regions  which  have  furnished  most  material  for  ex- 
amination— the  result  may  not  differ  very  widely  from  the 
reality.     It  is  best  to  commence  with  the  oldest  strata,  from 
which  a  gradual  approach  may  be  observed  towards  the 
existing  vegetation  of  the  earth. 

In  considering  the  variety  of  the  fossil  remains  in  the 
diff'erent  strata,  special  attention  must  be  paid  tq  the  changes 
which  have  taken  place  in  the  climate  of  the  earth  in  the 
course  of  the  different  geological  periods.* 

^  [In  his  Genera  et  Species  Plantarum  FossUium^  published  in  1850, 
Unger  reckoned  the  number  of  genera  and  species  of  fossil  plants  known 
up  to  that  time  as  under: — Exogens,  151  genera,  547  sleeves \  ^tv^^- 

E  E  2 
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In  reference  to  the  relative  position  of  the  strata,  and  to 
the  fossil  remains  (chiefly  those  of  animals)  found  in  them,  a 
number  oi geological  systems  are  distinguished,  which  are  again 
divided  into  groups. 

The  lowest  strata  of  the  Primary  or  Palceozoic  age  (/>. 
the  period  of  the  oldest  living  beings) — viz.  the  strata  of  the 
Silurian  *  systetn — contain  the  earliest  remains  that  have 
been  preserved  of  the  vegetable  world.  Only  a  few  marine 
Algae  are  known  ;  but  others  may  have  altogether  perished, 
their  existence  being  indicated  only  by  the  occurrence  of 
carbonaceous  or  bituminous  limestone. 

In  the  Devonian  system  the  number  of  species,  genera, 
and  families  has  greatly  increased.  In  addition  to  a  con- 
siderable number  of  Algae,  the  first  land-plants  have  made 
their  appearance.  They  consist  almost  entirely  of  the  re- 
mains of  Vascular  Cryptogams,  with  a  few  Cycadeae  and 
Coniferae.  The  aspect  of  this  period,  as  also  of  that  next 
in  succession,  must  have  been  extraordinarily  uniform  and 
monotonous  ;  but  vegetable  life  had  extended  over  Ae  sur- 
face of  the  earth  in  a  variety  and  luxuriance  of  forms  far 
surpassing  our  existing  vegetation. 

In  the  Carboniferous  period  Ferns  attained  a  special  de- 
velopment. We  find  lofty  trees  or  shrubs  with  multipinnate 
leaves  several  feet  in  length,  forming  magnificent  groups  of 
plants,  in  the  shade  of  which  other  smaller  species  grew 
as  underwood  (Figs.  540-542).  Among  the  largest  forms 
of  which  these  forests  were  composed  were  certain  Lyco- 
podiaceae — to  which  nothing  now  existing  is  comparable 
— known  as  SigillaricB  and  Lepidodendra  (Figs.  535-539)* 

gens,  43  genera,  142  species  ;  Gymnosperms,  56  genera,  363  species ; 
Cryptogams,  152  genera,  1,172  species;  Doubtful,  35  genera,  197 
species.  Since  that  time  the  number  of  both  genera  and  species  has  been 
enormously  increased,  especially  by  the  additions  to  the  Tertiary  flora 
made  by  Heer  and  Ettingshausen. — Ed.] 

*  [Geologists  now  distinguish  the  oldest  stratiBed  beds  from  the 
superimposed  Silurian  as  the  Laurentian  and  Cambrian  systems.  They 
contain  but  few  remains  of  organic  life. — Ed.] 


ic  former  had  a  columnar  unbranched  stem,  : 
ight,  and  rising  from  a  square  base  i  metre  i 


e  bark  being  covered  with  a  number  of  longitudinal  rows  of 
unond-shaped  leaf-scars  ;  [and  it  is  now  generally  believed 
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that  the  fossils  knonii  as  Stigtnaria,  and  formerly  regarded  ai 
a  distinct  plant,  are  in  reality  the  roots  of  Sigillaria.]    The 


Fio.  mS.— Siei 


Fig.  S40.— ^™»;oin/<r(rfu.  Fio,  s*t-—S/irni,JAyKHm  anntiUlim. 

Lepidodendra,  on  the  other  hand,  had  much -branched  steins, 
30  or  more  metres  in  height,  and  4  metres  in  girth,  and 
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*ere  also  beautifully  marked  with  scars.  Associated  with 
these  were  gigantic  Equiselaceie  known  as  Catamites,  of 
which  those  now  existing  ate  as  dwarfish  representatives 
as  the  Lycopodia  are  of  the  Sigillariae  and  Lepidodendra. 

There    existed,    tinwcvpr.    aUn    in     rhosp     fnrp'it';— the    tnip 
I 


—Kturofltrit  htlirfphylls. 


even  the  number  of  species  was  quite  considerable.  The 
Sigillarije,  Lepidodendra,  Calamites,  AsterophyDites,  and 
possibly  also  the  Tree-ferns,  attained  in  this  formation  their 
maximum  development ;  in  the  succeeding  one  their  number 
diminishes.  In  connection  with  other  plants,  and  perhaps 
also  with  sea-weeds,  they  form  the  valuable  deposits  of  coal. 
In  this  form  they  have  undergone  sometimes  more,  some- 
times less  change,  no  trace  of  their  vegetable   struct'it^ 
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often  remaining^  while  the  accompanying  beds  of  eartfl 
receive  their  impressions,  and  preserve  a  correct  image  of 
them.  It  frequendy  happens,  however,  that  entire  stems 
have  become  fossilised  (Fig.  534,  p.  418),  and  still  show  their 
cellular  structure  in  a  wonderfully  beautiftd  manner.  We 
have  no  knowledge  of  the  length  of  time  during  which  the 
Carboniferous  period  lasted ;  but  if  it  may  be  estimated  from 
the  thickness  of  the  deposits  of  coal,  many  authorities  would 
place  it  at  millions  of  years. 

It  is  iinp>ossible  to  suppose  that  deposits  of  coal  occurred  only  in 
the  Carboniferous  period  ;  they  are  found  in  almost  all  strata  higher 
in  the  series,  but  in  a  different  fonn.  In  the  uppermost  we  find  peat^  the 
coal-formation  of  the  present ;  below  it  is  Ignite  or  brown  coal,  bear- 
ing sometimes  a  greater  resemblance  to  peat,  sometimes  to  the  true  cod 
which  lies  beneath  it.  The  origin  of  the  latter  from  peat  is  therefore 
not  improbable,  and  in  some  cases  is  unquestionable.  The  mode  of 
formation  of  peat  must  therefore  be  first  investigated.  When  Algae  and 
other  plants  grow  undisturbed  in  perfectly  stagnant  water,  to  the  bottom 
of  which  they  fall  quietly  as  they  decay,  the  layer  of  orf;anic  matter 
thus  formed  grows  gradually  thicker  and  thicker  ;  the  reeds,  rushes, 
sedges,  and  Equiseta  retreat  from  the  shore,  the  dense  matting  of  their 
roots  gradually  advancing  farther  and  farther  on  the  muddy  soil 
Every  year  the  dead  leaves  and  stems  of  the  water-lilies,  water-Ranun- 
culi, Potamogeta,  and  Lemnje  fall  to  the  bottom  ;  the  mass  of  v^etable 
remains  and  the  roots  and  rhizomes  which  penetrate  among  them  be- 
come denser  and  denser,  and  more  and  more  space  is  constantly  taken 
from  the  water,  until  at  length  a  densely  interwoven  substance  results, 
resting  on  a  soft  layer  of  mud.  Sphagna,  Eriophora,  marsh  trefoil, 
Vaccinia,  and  other  plants,  establish  themselves  on  this  unstable 
foundation.  The  vegetable  remains  covered  in  this  way,  and  protected 
against  the  action  of  the  air,  still  decay,  but  not  so  completely  ;  they 
are  continually  losing  oxygen,  hydrogen,  and  nitrogen,  while  the 
carbon  accumulates.  The  mass  is  also  increasing  upwards  ;  for  long 
after  the  lower  parts  of  the  bog-mosses  (Sphagna)  which  take  an  es- 
pecially important  part  in  these  processes  have  died  off,  the  upper 
parts  still  maintain  a  vigorous  life,  drawing  up  the  water  from  below 
like  a  sponge.  The  substructure,  which  was  at  first  very  soft,  becomes 
therefore  gradually  denser  in  the  course  of  time,  until  at  last  a  ^raaptat- 
moss  is  formed  beneath  the  superficial  vegetation.  The  ground  is  how- 
ever constantly  kept  moist  by  the  peat,  and  a  luxuriant  vegetation  is 
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hence  developed  on  it,  fed  by  the  abundance  of  food-material  which  it 
contains.  As  soon  as  it  becomes  firmer,  trees  and  shrubs,  willows, 
alders,  and  buckthorns,  spring  up  on  it,  and  finally  also  conifers  ;  but 
the  life  of  these  larger  plants  is  as  a  rule  somewhat  limited  ;  and  when 
they  are  blown  down  by  the  wind  or  fall  by  their  own  weight,  the  peat- 
moss grows  over  them,  and  in  the  course  of  years  they  become  entirely 
covered  up  by  it.  There,  excluded  from  the  action  of  the  air,  they  do 
iHot  decay,  the  structure  of  their  wood  being  retained  perfectly  for  cen- 
turies.    This  is  the  mode  in  which  peat  is  formed. 

Even  in  lignite  the  remains  of  plants  can  be  abundantly  recognised. 
This  is  less  the  case  in  true  coal,  and  scarcely  at  all  in  anthracite,  the 
hardest  coal  with  most  of  a  mineral  character.  It  is  often  possible  to 
determine  the  plants  which  have  contributed  to  the  formation  of  coal 
only  from  the  fossils  and  impressions  found  in  the  accompanying  beds 
of  earth.  The  exclusion  of  the  atmosphere,  and  the  pressure,  often 
immense,  which  beds  of  peat  that  have  been  flooded  and  buried 
beneath  the  surface  have  had  to  sustain  from  the  superincumbent 
layers  of  earth,  explain  their  transformation,  first  into  lignite  and  then 
into  true  coal.  In  many  beds  of  coal,  as  for  instance  those  of  Silesia, 
their  origin  from  layers  of  peat  is  sufficiently  evident  ;  in  others  this 
explanation  does  not  seem  to  apply,  and  we  must  assume  that  drift- 
wood has  been  the  source  from  which  they  were  formed.  Even  at  the 
present  time  the  gigantic  rivers  of  America  tear  down  from  their  banks 
and  carry  away  trunks  of  large  trees  ;  and  when  these  trunks  have 
become  completely  saturated  by  water,  they  are  left  behind  by  the 
current,  and  sink  either  in  an  inland  lake,  at  the  mouth  of  the  river,  as 
in  the  Mississippi,  or  in  the  sea  as  drift-wood,  and  thus  form  immense  de- 
posits which  may  very  easily  be  transformed  into  coal.  But  these  trunks 
must  retain  some  traces  of  their  joumeyings,  and  must  be  intermixed 
with  the  remains  of  water-animals,  and,  when  the  deposition  takes 
place  in  the  sea,  of  marine  plants.  These  phenomena  are  in  fact  ob- 
served in  many  of  the  coal-formations  of  north  Germany,  the  produc- 
tion of  coal  having  taken  place  in  the  manner  already  indicated.  The 
formation  of  coal  from  the  deposition  of  successive  layers  of  plants  in 
primeval  forests  is  very  improbable. 

It  is  remarkable  that  after  the  Carboniferous  period  the 
luxuriance  of  vegetation  appears  to  have  diminished.  As  if 
the  earth  were  already  exhausted,  one  form  after  another 
of  the  existing  vegetation  disappears  ;  and  in  the  Permian 
series,   only  the    lower  strata,   the   New  Red   Sandstone^ 
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contain  any  quantity  of  plants,  and  then  chiefly  in  a  silicified 
state.  The  Magnesian  Limestone  which  rests  upon  it  con- 
tains but  very  few  vegetable  remains.  The  Permian  has 
only  one  form  in  common  with  the  lower,  and  only  a  few 
with  the  upper  strata  of  the  Carboniferous  system.  Thj 
prevalent  forms  are  still  Sigillariae,  Calami tes.  Ferns,  Lepi- 
dodendra,  &c. ;  but  in  addition  are  found  Palms  and 
Cycadeae,  the  latter  order  attaining  here  their  maximum 
development. 

A  different  vegetation  characterises  the  Secondary  or 
Mesozoic  strata.  The  forms  characteristic  of  the  Palaeozoic 
beds,  Sigillariae,  Lepidodendra,  and  Asterophyllites,  disap- 
pear, and  others  make  their  appearance  which  bear  a  greater 
resemblance  to  those  of  the  present  day.  The  Coniferae 
began  in  the  Devonian,  attained  a  maximum  in  the  Carboni- 
ferous, and  again  diminished  in  the  Permian  system. 

In  the  lowest  system  belonging  to  the  Secondary  strata, 
the  Trias ^  Coniferae  must  have  formed  the  main  part  of  the 
forests  ;  while  of  Cryptogams,  so  largely  developed  \n  the 
lower  rocks,  only  Ferns  remain,  those  however  belonging  to 
new,  and  partly  to  peculiar  and  highly  developed  genera. 
The  chief  forms  of  Coniferae  in  these  forests  were  species  of 
Voltzia  (Fig.  543)  and  Albertia.  The  former  were  loft}' 
trees,  not  unlike  our  Crypto?neria,  while  the  latter  had  broad 
leaves  penetrated  by  delicate  longitudinal  veins.  With 
them  are  associated  certain  Cycadeae  {Zamites,  Figs.  545, 
546)  and  water-plants,  as  well  as  Calamites  with  verticillate 
leaves,  and  gigantic  Equisetaceae,  which  may  have  clothed  the 
margins  of  the  sheets  of  water.  Of  the  three  well-characterised 
sections  into  which  the  Trias  is  divided,  the  lowest  or 
Biinter  Sandstem  contains  but  few  vegetable  remains,  the 
middle  or  Muschelkalk  scarcely  any,  and  the  uppermost  or 
Keiiper  only  a  few.  The  flora  of  the  Trias,  in  its  gigantic 
Ferns  and  peculiar  Coniferae,  bears  a  greater  resemblance  to 
that  of  New  Zealand  than  of  any  other  country  at  the  present 
time. 
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The  uniformity  of  vegetation  characteristic  of  the  Carbo* 
niferous  is  still  more  marked  in  the  Triassic  system. 

Next  in  succession  above  the  Trias  is  Hix^  Jurassic  sys* 
tent,  which  again  is  divided  into  three  sections,  the  Lias,  and 
the  Lo7ver  and  Upper  Oolite.  The  fossil  remains  found  in  this 
formation  lead  to  the  conclusion  that  the  marine  plants  of 
the  Lias  did  not  differ  essentially  from  those  of  the  present 
time  in  their  external  appearance,  although  the  species  may 
have  been  very  dissimilar.  The  case  is  different  with  the 
terrestrial  vegetation,  in  which  we  still  find  a  considerable 
coincidence  with  that  of  the  Keuper.  The  prevalent  forms 
in  the  forests  consisted  of  Cycadeae,  of  which  fifty-eight 
species  have  been  described.  From  this  point,  this  beau- 
tiful form  of  vegetation,  which  in  regard  both  to  its  habit 
and  to  its  morphological  and  anatomical  structure  occupies 
an  intermediate  position  between  the  Ferns,  Palms,  and  Coni- 
ferae,  decreases,  only  a  few  species  existing  at  the  present 
time.  With  these  were  associated  numerous  Coniferae  nearly 
related  in  form  to  our  Araucarias  and  Thujas.  The  under- 
wood of  the  forest  still  consisted  of  Ferns,  along  with  fleshy 
Fungi.  The  marsh-loving  Calamites  have  disappeared,  and 
the  Equisetacese  of  that  period  scarcely  exceeded  our  own 
in  size.  Plants  allied  to  Typhacese,  Naiadese,  Cyperacese,  and 
Juncaceae,  fringed  the  edges  of  the  water.  This  sketch  gives, 
however,  only  an  imperfect  idea  of  the  vegetation  of  that 
system  ;  for  its  coal  shows  that  in  magnitude  it  must  have 
resembled  that  of  the  Carboniferous  period.  The  vegetation 
of  the  Lower  Oolite  presents  no  great  difference  from  this. 
A  number  of  sea- weeds  have  been  preserved ;  the  earlier 
forms  of  Ferns  and  Cycadeae  disappear,  and  others  take  their 
place  more  nearly  related  to  those  of  the  present  time".  The 
flora  of  the  Upper  Oolite  does  not  include  any  marine  plants, 
only  a  single  freshwater  Alga,  and  in  other  families  also 
fewer  forms  than  the  Middle  period.  There  would  seem  to 
have  been  an  exhaustion  of  the  earth  similar  to  that  which 
apparently  succeeded  the  Carboniferous  period. 
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In  the  Cretaceous  system  appear  the  first  dicotyle- 
donous trees.  The  lowest  strata  contain  mostly  marine 
plants,  sea-weeds  and  sea-grasses,  with  a  few  trunks  of  a 
species  of  cypress  which  floated  on  the  sea  in  the  form  of 
drift-wood.  The  fossil  remains  of  the  Middle  Cretaceous  are 
much  richer.  The  Cycadese  diminish  in  numbers  ;  but  in 
their  place  appear  the  first  exogenous  trees,  Juglandites  and 
Acerites,  related  to  our  walnuts  and  maples.  Among  the 
Ferns,  which  had  hitherto  formed  almost  the  entire  under- 
growth of  the  forests,  rose  shrubs  allied  to  our  willows  ; 
alders  and  horn-beams,  Alnites  and  Carpinites,  attained  the 
size  of  trees ;  and  we  find  also  allies  of  our  Myrica  or 
sweet-gale.  We  have  no  certain  knowledge  of  the  existence  of  . 
herbaceous  Monocotyledons  ;  but  certain  impressions  which 
bear  a  resemblance  to  lilies  or  gingers  make  it  probable. 
The  marine  and  littoral  plants  of  that  system  are  similar  in 
essential  points  to  those  of  the  Lower  Cretaceous.  The 
Upper  Cretaceous,  including  the  Chalky  affords  only  a  very 
few  vegetable  remains,  and  those  entirely  of  Algge. 

The  lowest  of  the  Tertiary  or  Cainozoic  rocks  are  the 
Eocene.  In  this  period  dicotyledonous  trees  first  begin  to 
contest  the  supremacy  with  Cryptogams  and  Cycadese,  and 
the  entire  outward  form  of  the  vegetation  approaches  that  of 
our  time.  The  lowest  strata  of  this  system  furnish  a  manne 
flora  consisting  of  sea-weeds.  This  is  succeeded  by  a 
beautiful  littoral  flora,  with  Equisetaceae,  Characeae,  and 
Naiadeae.  Land-plants  finally  appear  ;  and  among  these 
palms  are  especially  conspicuous,  and  with  them  bananas, 
Myrtaceae,  Lauraceae,  and  other  exogenous  and  coniferous 
trees,  which  must,  according  to  our  present  knowledge,  havt 
belonged  to  a  tropical  climate.  Remains  of  the  Ferns, 
Cupressineae,  and  Cycadeae  belonging  to  this  system  have 
been  found  in  Greenland  in  70°  N.  lat.  We  know  of  no 
country  at  the  present  time  which  affords  a  similar  grouping 
of  plants  to  the  flora  of  the  Eocene  formation,  taken  as  a 
whole.      That   of  the   basin   of  the   Mississippi   probably 
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presents  the  greatest  similarity  to  it;  but  there  are  also 
points  of  resemblance  to  those  of  California,  New  Zealand, 
and  Australia. 

The  next  systems,  the  Miocene  and  Pliocene,    are    se- 
parated somewhat  arbitranly  from  the  preceding  and  from  one 
another,  if  the  floras  only  of  the  formations  be  considered ; 
the  transition  from  one  to  another,  and  from  these  to  the  pre- 
sent, being  quite  gradual.     We  find,  the  higher  we  ascend  in 
the  Tertiary  strata,  an  increasingly  greater  number  of  forms 
which  indicate  a  cooler  climate.     The  tropical  plants  gradu- 
ally disappear,  and  are  replaced  first  by  subtropical  forms, 
and  then  by  those  adapted  to  a  temperate  climate.     Especi- 
ally in  the   Middle  Tertiary  or  Miocene  system   we  find 
large  masses  of  carbon  deposited  in  the  earth  in  the  form  of 
beds  of  *  brown  coal '  or  lignite.     It   is  evident    that  the 
German  deposits  of  lignite  are  almost   entirely  composed 
of  the  remains  of  Coniferae ;  while  m  the  marls,  the  sandy, 
loamy,  and  argillaceous  strata  which  accompany  the  lignite, 
a   number  of   the    impressions    of  exogenous   leaves  are 
always  found.     But  these  coniferous  forests  did  not  exhibit 
a  dull  uniformity,  as  is  the  case  with  those  of  the  present 
time  ;  there  was,  on  the  contrary,  an  abundant  and  cheerful 
variety   of  forms,  as   is   seen   even  now  in  the  forests  of 
Canada  and  Asia,  though  not  to  so  great  a  degree.     There 
must  also  have  been  enormous  quantities  of  resin  exuded 
by   some   of   these   trees,   genera  resembling    Thuja  and 
Cupressus,  the  preserved  stores  of  which  are  eagerly  sought 
for  ;  this  resin,  hardened  by  external  conditions,  being  now 
known  as  amber.      In  addition   to  the   Coniferae   already 
mentioned,  we  find,  in  what  appears  to  be  near  the  close 
of  the   Tertiary  period,  that  the  forests  of  northern  and 
central  Europe  consist  largely  of  dicotyledonous  trees — oaks, 
beeches,  birches,  alders,  and  willows.     Plants  belonging  to 
the  Primulacea;,  Scrophulariaceae,  Crassulaceae,  and    other 
existing  orders,  sprung  from  the  ground  beneath  the  trees, 
covered  with  moss  and  fungi,  and  adorned  with  Rhododen- 
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drons,  Azaleas,  and  other  beautiful  bright-coloured  Ericaceae;. 
Species  of  honeysuckle  formed  bushes  or  climbed  up  the 
trees,  on  which  grew  parasitic  plants  allied  to  our  mistletoe. 
In  Italy  are  found  the  remains  of  species  of  Salisburia  and 
Liriodendron^  the  allies  of  which  now  grow  only  in  Japan  and 
South  America.  Many  species  of  these  recent  formations 
probably  exist  to  the  present  day.  Up  to  the  year  1853, 
Goeppert  had  described  the  remains  of  162  plants  belonging 
to  64  genera  preserved  in  amber  ;  30  of  these  he  recog- 
nised with  certainty  as  belonging  to  the  present  time, 
while  others  do  not  admit  of  a  perfect  identincation. 

The  Post-pliocene^  Pleistocene^  or  Alluvial  formation  in- 
cludes deposits  believed  to  be  formed  immediately  before 
the  historic  period.  It  is  to  these  strata  that  the  remains  of 
the  mammoth,  mastodon,  and  other  gigantic  animals  belong ; 
but  the  number  of  species  of  plants  found  is  only  small, 
and  these  have  only  been  partially  determined  with  certainty. 
How  unequal  has  been  the  preservation  of  the  remains  of 
this  period  is  shown  by  the  circumstance  that  our  only  source 
of  knowledge  of  the  existence  at  that  time  of  our  pines  and 
arbor-vitae  is  the  fact  that  the  remains  of  food  found  in  the 
hollow  teeth  and  stomachs  of  mastodons  which  had  become 
enveloped  in  ice  belong  to  these  plants. 

From  these  Alluvial  formations  we  pass  to  the  present 
age,  with  its  forests,  meadows,  steppes,  deserts,  seas,  lakes, 
and  marshes,  each  of  which  has  its  peculiar  flora  and  its 
special  physiognomy.  Among  the  endless  variety  of  species 
of  plants  by  which  this  latter  is  determined  there  are  a 
certain  number  of  leading  forms  which  arrest  the  atten- 
tion of  the  observer.  Among  these  are  Hymenomycetous 
Fungi,  Lichens  and  Algae,  Mosses  and  Lycopodiaceae,  Ferns 
and  Equisetacese,  Coniferae,  Cycadeae  and  Palms,  Grasses, 
bulbous  plants,  Agaveae  and  Aloineae,  Scitamineae  and 
Musaceae,  Aroideae,Orchideae,  lianes,*  Casuarinaceae,  willows, 

1  Climhiog  or  twining  plants,  mostly  tropical,  and  often  with  ten- 
drils, Passifloracex,  Bignoniacex,  Aristolochiacese,  reeds,  palms,  &c., 
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Cupuliferse,  Encaceae,  M)rrtaceae,  Melastomaceae,  Lauraceae, 
Compositse,  Umbelliferse  [Labiatse,  Cruciferae,  Primulaceae], 
Cactaceae,  arborescent  Euphorbiaceae,  [Mesembryanthe- 
maceae],  [figs],  Malvaceae,  Mimoseae,  and  Nymphaeaceae. 


CHAPTER  VIII. 

BOTANICAL  GEOGRAPHY. 

Botanical  Geography  treats  of  the  distribution  of  plants 
on  the  surface  of  the  earth  ;  it  collects  the  plants  of  any  par- 
ticular country  into  a  Flora,  and  investigates  the  causes, 
operating  either  at  the  present  time  or  in  the  past,  which 
have  led  to  each  species  acquiring  its  special  habitat,  and 
have  resulted  in  only  a  few  plants— termed  cosmopolitan - 
becoming  distributed  over  the  whole  globe,  or  even  over  a 
large  part  of  it* 

The  earth  does  not  everywhere  produce  those  plants  which  are 
especially  adapted  to  each  particular  region.  If  this  had  been  the  case, 
the  same  species  would  be  constantly  met  with  in  widely  separated 
countries  that  enjoy  a  similar  climate,  and  no  immigration  of  foreign 
plants  would  take  place,  such  as  often  happens  before  our  eyes.  Each 
species  has,  in  fact,  become  disseminated  only  at  particular  spots  ;  it  has 
its  centre  of  distribution  at  the  spot  from  whence  it  originally  sprang ; 
but  the  limits  of  these  centres  are  often  obscure,  because  plants  have 
found  conditions  suitable  for  their  existence  outside  these  bounds,  and 

feebly  represented  by  our  grape-vine,  ivy,  hop,  honeysuckle,  [Convol- 
vulus], &c. 

'  The  phyto-gecgraphical  map  at  the  end  of  the  volume  must  be 
consulted  in  connection  with  this  chapter.  It  indicates  the  boundaries 
of  the  twenty-four  phyto-geographical  regions  adopted  by  Grisebach  in 
his  *  Vegetation  der  Erde,'  each  region  being  coloured  uniformly.  The 
regions  of  a  more  generally  wooded  character  are  coloured  green  and 
dark  blue,  the  steppes  and  deserts  yellow  and  red,  while  those  regions 
which  have  no  special  character  of  their  own  are  of  some  other  colour. 
[The  statements  of  Grisebach— on  whose  work  the  whole  of  this  chapter 
is  founded— are  somewhat  too  unqualified,  both  with  regard  to  the  boun- 
daries between  the  regions  and  to  the  characters  which  distinguish  them 
fVom  one  another.— Ed.] 
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have  thus  occupied  more  and  more  ground  by  migration.  All  plants 
are,  however,  not  equally  capable  of  migration  ;  if  this  were  the 
case,  the  strongest  would  everywhere  have  replaced  the  rest,  and  have 
occupied  the  whole  of  the  space  devoted  to  vegetation.  The  unlimited 
distribution  of  plants  is  also  prevented  by  seas,  deserts,  mountain- 
chains,  differences  of  climate,  and  even  by  the  existence  of  other  plants 
and  animals. 

A  natural  flora  results  from  the  interchange  of  a  number  of  forms 
belonging  to  different  centres  of  vegetation,  and  their  union  into  a  whole 
with  definite  characters.  The  limits  of  such  a  flora  are  determined 
by  climate,  or  by  the  hindrance  to  the  distribution  of  species  afforded 
by  a  broad  ocean  or  other  obstacle  ;  and  these  floras  are  the  more  natural 
the  more  sharply  they  are  defined,  and  the  less  their  aboriginal  inhabi- 
tants have  mingled  with  immigrant  forms.  The  most  effectual  hindrance 
to  this  intermingling  is  presented  by  the  ocean.  Almost  as  completely 
the  great  Sahara  separates  the  flora  of  tropical  Africa  from  that  of 
the  Mediterranean  region  ;  and  the  forest-region  of  equatorial  America 
is  an  insurmountable  obstacle  to  the  migration  of  the  native  plants  of 
the  grassy  plains  of  Venezuela  and  Brazil.  The  chief  factor,  however^ 
in  the  separation  of  floras  is  difference  in  climate. 

The  comparison  of  different  floras,  and  of  the  regions  to.  which 
they  belong,  brings  out  the  law  that  the  species  of  a  genus  or  the 
genera  of  an  order  are  the  more  nearly  related  to  one  another— in  other 
words  more  closely  resemble  one  another — the  less  the  distance  between 
their  centres  of  distribution,  or  the  more  similar  the  climates  of  these 
centres.  It  is  scarcely  possible,  for  example,  to  have  greater  differences 
of  climate  than  those  which  subsist  between  the  base  and  the  summit  of 
lofty  mountains  ;  and  yet  the  vegetable  productions  of  the  most  ele- 
vated regions  not  unfrequently  bear  the  closest  systematic  relationship 
to  those  of  the  warm  valleys  out  of  which  the  mountain  rises  ;  a  phe- 
nomenon which  suggests  the  supposition  that  the  plants  of  the  heights 
have  ascended  from  the  valleys,  and  have  adapted  themselves  to  the 
new  vital  conditions  as  far  as  was  necessary  to  their  perpetuation.  But 
the  transitions  from  one  species  to  another  which  might  be  expected 
in  the  gradually  ascending  mountain  regions  are  most  commonly  want* 
ing  ;  the  Alpine  species  make  their  appearance,  and  those  of  the  plains 
disappear,  suddenly,  at  particular  elevations.  Contiguity  of  locality 
is,  however,  except  in  the  case  of  mountain-ranges,  usually  accompanied 
by  resemblance  in  climate.  But  there  are  also  resemblances  of  climate 
without  geographical  contiguity  ;  and  allied  genera  or  species  appear  in 
the  most  widely  separated  regions,  if  their  climate  is  similar.  Well- 
known  examples  of  this  fact  are  furnished  by  the  beeches  of  Japan 
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and  the  Straits  of  Magellan,  and  by  the  heaths  of  the  Cape  of  Good 
Hope  and  of  western  Europe. 

Since  one  of  the  main  problems  of  phyto-geography  is  the  inves- 
tigation of  the  means  by  which  a  plant  ensures  its  existence,  a  physio- 
logical system  may  be  contrived,  according  to  the  plan  proposed  by 
Mumboldt,  m  which  those  organs  of.  a  plant  which  serve  for  the  main- 
tenance of  Its  life— in  other  words  its  habit— are  first  taken  into  account ; 
these  characters  determining  to  a  great  extent  the  natural  features  of 
the  vegetation.  A  certain  connection  can  indeed  usually  be  recognised 
between  the  external  form  of  the  vegetation  and  the  climatal  conditions 
which  determine  its  geographical  distribution.  On  this  plan  the  v^e- 
table  kingdom  may  be  divided  into  the  seven  following  classes  :— 
I.  Woody  plants  ;  2.  Succulent  plants,  such  as  the  cacti  ;  3.  Climbing 
plants  (lianes)  ;  4.  Parasites  or  epiphytes,  like  the  mistletoe  ;  5.  Her- 
baceous plants ;  6.  Grasses  ;  7.  Cellular  plants  ;  and  each  of  these 
groups  may  be  divided  into  a  greater  or  smaller  number  of  sections. 

In  order  to  obtain  an  idea  of  the  entire  vegetation  of 
the  globe,  the  surface  of  the  earth  has  been  divided  by 
Grisebach  into  twenty-four  natural  floras,  or  regions  of  vfgt- 
tation.  Each  of  these  floras  is  again  subdivided  into  zones, 
the  phyto-geographical  character  of  which  is  determined  by 
its  elevation  above  the  sea-level ;  a  succession  of  zones  being 
thus  obtained,  until  at  length  the  line  of  perpetual  snow 
sets  a  limit  to  almost  all  vegetable  life. 

The  determining  conditions  and  the  actual  boundaries 
of  these  floras  are,  however,  at  present  but  imperfectly 
known,  [and,  indeed,  any  such  division  must  be  considered 
as  very  inadequately  representing  the  endless  variety  and 
complexity  of  nature.  In  all  such  classifications  there  is  a 
definiteness  and  sharpness  of  outline,  which  is  really  an 
inherent  logical  defect  of  all  classifications  of  natural 
phenomena,  rather  than  a  representation  of  anything  that 
has  an  exact  counterpart  in  nature].  The  districts  charac- 
terised by  the  occurrence  of  similar  forms  and  often  identical 
species,  occupy  as  a  rule  lower  zones  of  elevation  with  an 
increase  in  the  latitude  [north  or  south],  and  advance  from 
elevated  regions  in  lower  latitudes  to  less  elevated  regions 
in  higher  latitudes.     Thus  a  number  of  species  of  the  Swiss 
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and  Italian  Alps  occur  at  a  much  lower  elevation  on  the 
mountains  of  Norway  and  in  Lapland  ;  and  plants  found 
above  the  snow-Hne  on  Mont  Blanc  belong  also  to  the  Arctic 
flora.  The  floras  of  mountain  and  of  Arctic  regions  never- 
theless exhibit  some  considerable  differences. 

At  the  base  of  the  mountains  of  the  equatorial  zone,  from 
the  sea-coast  to  the  height  of  about  630  metres,  the  external 
conditions,  and  therefore  also  the  character  of  the  vegeta- 
tion, are  similar  to  those  of  the  plains.  This  is  the  zone  of 
palms  and  bananas.  It  is  followed,  as  far  as  a  height  of 
1,300  metres,  by  the  zone  of  tree-ferns  and  figs.  In  India 
these  lofty  trees  are  covered  by  multitudes  of  Piperaceae, 
Aroideae,  and  Orchideae.  In  the  islands  of  the  southern  ocean 
the  figs  are  replaced  by  arborescent  Urticaceae;  and  the 
valuable  Cinchoneae  are  characteristic  of  the  South  American 
region.  In  the  zone  of  myrtles  and  laurels,  which  suc- 
ceeds as  far  as  a  height  of  1,900  metres,  trees  with  thick 
shining  leaves  are  predominant,  Myrtaceae,  Camelliaceae, 
Magnoliaceae,  and  others ;  but  the  Acacias  and  Ericaceae 
also  attain  here  their  maximum  development,  and  evergreen 
oaks  are  very  abundant.  The  laurels  occur  especially 
towards  the  upper  limit  of  this  zone,  and  are  found  also 
abundantly  in  the  next,  that  of  evergreen  trees,  which  ex- 
tends from  about  1,900  to  2,500  metres.  Next  comes  the 
zone  of  trees  with  deciduous  foliage,  which  extends  to  a 
height  of  about  3,200  metres,  and  under  the  tropics  is  seen 
only  on  the  elevated  plains;  and  a  luxurious  arborescent 
exogenous  vegetation  scarcely  reaches  beyond  2,800  metres. 
At  this  point  a  variety  of  Coniferae  make  their  appearance, 
such  as  with  us  are  intermingled  with  the  exogenous  trees. 
From  3,200  to  3,800  metres  is  the  zone  of  Coniferae,  and  from 
that  to  4  500  metres  that  of  Rhododendrons.  Lofty  trees  now 
disappear,  and  are  replaced  by  luxuriant  meadows  and  pas- 
tures, among  the  brilliant  herbaceous  vegetation  of  which 
Rhododendrons  and  Azaleas  are  conspicuous,  not  only  by 
their  shining  coriaceous  leaves,  but  also  by  iVvevi  xcvaj^^^^^^^- 
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clusters  of  flowers,  often  of  gigantic  size.     The  eighth  and 
last  zone,  that  of  Alpine  herbs,  extends  from  the  elevation 
of  4,500  metres  to  the  limits  of  perpetual  snow.     Here  are 
found  chiefly  low-growing  perennial  plants    with   woody 
roots,  a  small  amount  of  foliage,  and  comparatively  large 
brightly-cok)ured  flowers;    and  almost  all  the  herbaceous 
plants  are  marked  by  containing  resinous  and  bitter  substances. 
The  Alps  and  other  mountains  of  Central  Europe  pos- 
sess, on  the  other  hand,  only  six  phyto-geographical  zones. 
The  zone  of  fruit- tr«es,  that  of  the  spurs  of  the  moun- 
tains, rises  on  an  average  to  about  660  metres.     The  apple 
and  the  grape-vine  usually  ascend  to  this  elevation,  while  the 
walnut  reaches  as  high  as  to  1,000  metres.     In  this  zone  the 
vegetation  of  the  plain  is  predominant ;  the  woods  consist 
mainly  of  beeches,  birches,  alders,  larches,  and  pines,  and 
the  upper  limit  of  the  oak  occurs  here.   The  zone  of  beeches, 
or  the  lower  mountain  zone,  extends  in  the  Alps  to  a  height 
of  1,500  metres,  in  the  Sudetes  of  Silesia  to  1,000,  and  in  the 
Hartz  mountains  only  to  600  metres.     The  birch,  the  syca- 
more, the  service,  the  hazel-nut,  the  wild  cherry,  and  many 
herbaceous  plants,  such  as  species  of  Lamium^  PlantagOy  Ar- 
temisia^ Taraxacum^  Asperula,  and  Chrysanthemupi^  attain 
their  upper  limit  here,  and  disappear  with  the  beech.   At  the 
same    time   we    reach   the   lower  limit   of    Rhododendron^ 
Gentiana,  Primula,  &c.     The  zone  of  pines,  or  the  upper 
mountain    region,   reaches  in  Switzerland  an  elevation  of 
1,800,  in  the  Sudetes  of  1,500,  and  in  the  Hartz  mountains  of 
1,000  metres.      Here    we  have    the  upper  limit    of   the 
spruce  fir  and  larch,  while  the  Rhododendrons  attain  their 
maximum  development.     Pinus  Mughus  and  Cttnbra  fonn 
great  forests    in   this    zone    of  the  Alps,   extending  also 
into  the  next  in  succession,  the  lower  Alpine  region.     This 
ascends  to  the  upper  limit  of  Pinus  Mughus ^  an  elevation 
of  about  2,300  metres.   In  the  granitic  Alps  of  Switzerland 
this  tree  is  often  replaced  by  the  green  alder.     This  is  also 
rne   highest  limit  of  animal  life  in  the  Alps ;  only  a  few 
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species  being  found  at  a  greater  height.  The  zone  of  Alpine 
herbs,  or  the  upper  Alpine  zone,  extends  to  the  limit  of 
perpetual  snow,  2,800  or  3,000  metres.  Of  woody  plants 
this  zone  has  only  the  dwarf  willows,  with  perhaps  a  few 
Rhododendrons,  the  beautiful  mountain  heath.  Erica  car- 
nea,  and  the  single  Azalea  found  in  the  Alps,  A.  procumbens. 
In  the  zone  of  Cryptogams,  or  the  snow  region,  above  the 
limit  of  perpetual  snow,  all  phanerogamic  vegetation  has 
disappeared  ;  only  Mosses  and  Lichens  are  still  found,  and 
the  *  red-snow,'  Protococcus  nivalis^  temporarily  colours  the 
white  tracts  of  snow. 

It  will  illustrate  how  the  distribution  of  plants  in  altitude  is  modi- 
fied by  local  circumstances,  to  mention  that  in  the  northern  Alps  the 
upper  limit  of  the  cultivation  of  the  grape-vine  is  500  metres,  in  the 
central  Alps  600,  while  in  the  groups  of  Monte  Rosa  and  Mont  Blanc  it 
ascends  to  900  metres. 

REGIONS  OF  VEGETATION. 
1.  The  Arctic  Region, 

The  Arctic  flora  embraces  those  regions  of  the  extreme 
north  which  lie  beyond  the  polar  limits  of  the  forests.  Its 
character  is  determined  by  the  shortness  of  the  period  of 
vegetation,  and  the  comparatively  low  temperature  during 
this  period.  The  plants  belonging  to  it  must  be  able  to 
undergo  a  period  of  hibernation  of  at  least  nine  months 
each  year.  The  portion  of  them  which  rises  above  the  sur- 
face is  comparatively  small,  and  their  underground  stems 
are  almost  always  perennial ;  annual  plants  are  almost  en- 
tirely wanting.  Hepaticse,  Lichens,  Grasses,  and  Cyperacese,  a 
few  shrubs  and  sub-shrubs — willows,  birches,  and  Vacciniaceae 
— as  well  as  evergreen  Rhododendrons  and  Andromedas, 
form  the  flora  characterised  [in  part]  by  the  size  and  bril- 
liant colour  of  its  flowers.  There  are  no  cultivated 
plants.  In  this  region  occur  the  '  Tundren,'  broad  plains 
covered  with  Mosses  and  Lichens.  The  Mosses  are  partial 
to  moisture,  and  hence  form  the  *  moist  Tundren  ] '    the 
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brown,  black,  gray,  or  yellow  Lichens  grow,  on  the  contrary, 
on  the  sandy  products  of  the  decomposition  of  masses  of 
granitic  rock,  and  form  the  *  dry  Tundren.*  These  latter 
furnish  food  for  animals,  and  are  therefore  more  valuable 
than  the  former. 

2.  The  Eur opceO' Siberian  Forest-Region. 

The  general  climatic  character  of  this  region,  which  gives 
rise  to  the  uniform  nature  of  its  vegetation,  is  the  unifonn 
average  temperature  of  its  entire  vegetative  period,  and  the 
absence  of  a  rainless  season  to  interfere  with  the  growth  of 
its  trees.  Combined  with  these  is  a  condition  peculiarly 
favourable  to  its  arboreal  vegetation,  a  period  of  activity 
always  amounting  to  more  than  three  months  in  each  year, 
which  distinguishes  it  from  the  Arctic  Region ;  while  the 
permanent  moisture  of  the  ground  from  constant  rainfeU, 
separates  it  from  the  steppes  which  lie  to  the  south  and  from 
the  Mediterranean  district 

On  the  borders  of  the  ocean,  especially  on  the  Atlantic 
coasts,  the  sea  produces  an  effect  on  the  climate,  moderating 
both  the  cold  of  winter  and  the  heat  of  summer,  and  thus 
producing  a  mild  maritime  climate,  in  contrast  with  the  more 
widely  extended  continental  climate.  The  longer  duration 
of  the  period  of  vegetation,  and  the  gradually  increasing 
temperature  of  the  summer,  are  noticeable  in  passing 
through  this  region  from  north  to  south. 

There  are  also  large  tracts  of  country  in  which  the 
forests  have  been  made  to  yield  to  cultivation,  and  which 
render  the  general  term  for  the  region  somewhat  inapplicable. 
This  clearing  of  the  forests  in  P2urope  has  also  made  the 
climate  more  continental  by  diminishing  the  rainfall. 
This  destruction  of  forests  alters  the  climate,  not  only  because 
the  trees  shade  the  ground  and  hence  keep  it  cooler,  but 
also  because  they  retain  in  the  soil  and  in  their  tissue  larger 
quantities  of  moisture,  which  are  gradually  restored  to  the 
atmosphere  by  transpiration. 
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Dependent  on  these  conditions,  the  whole  of  this  forest- 
region  from  the  Atlantic  to  the  Pacific  Ocean  may  be 
divided  into  seven  zones  : — i,  the  French  zone  of  the  sweet 
chestnut  ;  2,  the  German  zone  of  Pifius  Picea ;  3,  the 
Hungarian  zone  of  Quercus  Cerris ;  4,  the  central  Russian 
zone  of  exogenous  forests ;  5,  the  northern  zone  of  Coni. 
ferae  ;  6,  that  of  Quercus  mongoUca  \  and  7,  that  of  Betula 
Ermani, 

Among  all  the  forest-trees  of  Europe  the  beech  is  the 
most  characteristic  of  a  maritime  climate  ;  but  the,  zone  of 
the  beech  passes  gradually  into  those  of  the  chestnut,  Pinus 
Picea,  and  Quercus  Cerris,  These  three  zones  correspond 
to  particular  districts  of  the  maritime  climate  characterised 
by  the  difference  in  mean  temperature  between  the  coldest 
and  warmest  months  of  the  year.  In  the  first  zone,  the 
mean  monthly  temperature  varies  between  i2°*5  and  r7°*5  C. ; 
in  the  second  between  l^°'$  and  22°*5 ;  and  in  the  third 
between  22°-5  and  23°-5  C.  The  characteristics  of  the 
central  Russian  zone  of  exogenous  trees,  of  the  northern 
zone  of  Coniferae,  and  of  that  of  Quercus  mongoUca^  depend 
on  their  continental  separation  from  the  influence  of  the 
ocean.  The  broad  girdle  of  forests  of  the  Russian  lowlands, 
which  consist  mainly  of  oaks,  is  limited  on  the  north  by  the 
decreasing  temperature,  on  the  east  by  the  insurmountable 
barrier  of  the  Ural  mountains.  To  the  north  of  it  is  found 
therefore  a  belt  of  Conifers — pines  and  larches — accompanied 
by  birches,  which  reaches  to  the  Arctic  Region,  and  across 
the  Ural  through  Siberia,  till  at  length  it  reaches  the  Amoor 
and  the  sea-coast  of  Ochotsk.  The  zone  of  the  Amoor  or 
northern  Mantschuria  has  a  completely  continental  cha- 
racter. The  trees,  among  which  Quercus  mongoHca  is  the 
most  characteristic,  belong  for  the  most  part  to  European 
genera,  but  to  peculiar  species  ;  the  Siberian  Coniferae  occur 
here  only  on  the  mountains.  The  last  zone,  that  of  Beiula 
Ermani^  owes  its  peculiarity — a  long  period  of  vegetation 
with  a  diminished  summer  temperature — to  the  neighbour- 
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hood  on  the  one  hand  of  Siberia  and  on  the  other  hand  of 
the  sea. 

Among  the  cultivated  crops  of  this  region  the  most  re- 
markable are  the  potato,  apple,  grape-vine  [and  the  cereal 
grasses].     Of  the  latter  barley  extends  the  farthest  to  the 
north,  accompanied  by  the  potato.     In  Europe  generally  the 
cereals  vary  with  the  geographical  latitude  ;  barley  in  the 
north,  then  rye  [and  oats],  and  wheat  in  the  southern  parts. 
The  apple  and  grape-vine,  on  the  contrary,  are  more  de- 
pendent— at  least  at  their  northern  limits — on  direct  sun- 
shine, and  in  consequence  flourish  there  only  in  the  most 
sunny  localities.     Special  mention  must  be   made  of  the 
turf- forming  grasses,  and  the  meadows  which  they  produce, 
found  to  the  same  extent  in  none  of  the   neighbouring 
regions;    heaths,  moors,  and   alder-fens   are   also  almost 
peculiar  to  this  region. 

3.  The  Mediterranean  Region. 

The  most  important  peculiarities  of  the  climate  which 
determine  the  flora  of  this  region  are  the  rainlessness  of  the 
summer  and  the  mildness  of  the  winter.  While,  therefore, 
in  the  forest-region  the  chief  development  of  vegetation 
takes  place  in  the  warmer  portion  of  the  year,  in  the  countries 
which  border  the  Mediterranean,  on  the  contrary,  plants 
grow  during  the  spring,  remain  stationary  during  the  diy 
period  of  summer,  and  renew  their  growth  under  the  influ- 
ence of  the  autumn  rain.  This  peculiarity  shows  itself  on 
the  mountainous  border  of  the  region,  and  in  the  neighbour- 
hood of  the  Sahara ;  but  is  fully  developed  only  on  the  shores 
of  the  Mediterranean.  The  flora  of  the  elevated  plains  and 
mountains  indicates  an  approximation,  sometimes  to  that  of 
the  steppes,  sometimes  to  that  of  the  forest-region,  sometimes 
to  Alpine  and  Arctic  forms. 

Agriculture  has  here  this  advantage  ;  that  the  same  plot 
of  ground  will  produce  several  crops  in  one  year,  but  often 
only  by  carefully  regulated  irrigation.  The  olive  is  a  specially 
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characteristic  product  of  this  region;  the  further  onoadvances 
south,  the  greater  is  the  number  of  plants  cultivated  for  food 
or  for  some  other  useful  quality.  Along  with  cereals,  the 
grape-vine  and  olive,  are  found  the  mulberry,  maize,  millet, 
rice,  water-melon,  orange,  fig,  cotton,  and  even  the  date- 
palm,  sugar-cane,  plantain,  and  batatas.  Many  of  these 
plants,  as  well  as  the  Indian  fig  {Opuntia),  agave,  and  aloe, 
grow  in  this' region  only  under  cultivation.  One  of  its 
peculiarities  is  the  great  abundance  of  evergreen  trees — the 
laurel,  myrtle,  oleander,  olive,  evergreen  oak,  &c. — as  well  as 
of  thorny  shrubs.  These  latter  often  cover  wide  tracts,  to 
the  exclusion  of  almost  all  other  vegetation,  frequently  form- 
ing dense  thickets. 

4.   The  Steppe  Region, 

This  region  stretches  from  the  mouth  of  the  Danube  to 
the  affluents  of  the  Amoor  ;  from  the  central  Volga  to  the 
coast  of  the  Persian  Gulf  and  the  crests  of  the  Himalayas.  The 
gradual  rise  of  the  ground  from  the  basin  of  the  Caspian  Sea 
to  the  Asiatic  highlands  neutralises  the  approach  towards  the 
equator,  amounting  to  27°  of  latitude.  Throughout  this  im- 
mense region  there  prevails  a  uniform  alternation  of  three 
periods  in  the  year ;  the  severe  and  protracted  winter  is 
followed  by  a  short  spring,  and  this  by  a  rainless  burning 
Summer,  which  is  succeeded  almost  immediately  by  the 
snow-fall  of  winter.  It  is  only  the  short  spring  that  is 
favourable  to  the  growth  of  vegetation.  The  peculiar  plants 
of  the  steppes  have  therefore,  in  some  cases,  a  short  existence* 
in  others  special  means  of  protection  against  the  drought 
of  summer.  Among  the  most  characteristic  forms  of  vege- 
tation are  plants  with  bulbous  underground  stems,  yielding 
a  volatile  oil,  or  covered  with  spines  or  hairs.  The  dif- 
ferent kinds  of  steppes — grass,  salt,  and  sand — maintain 
peculiar  forms  of  vegetation  ;  trees,  or  even  shrubs,  occur 
only  where  vegetable  life  is  aided  by  abundance  of  water 
or  artifitial  irrigation.   Of  cultivated  plants,  rice,  cotton^  arv<i 
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sesame  thrive ;  but  fruit-trees  need  protection  against  the 
cold  of  iivinter. 

5.  The  Chino- Japanese  Region., 

The  Chinese  lowlands,  including  the  Japanese  archipelago, 
have  the  advantage  over  Europe  of  a  more  regular  distribu- 
tion of  the  rainfall.  This  is  in  consequence  of  the  monsoons, 
which  extend  as  far  as  40°  or  even  45°  N.  laL,  and  cause  a 
rainy  period  in  the  spring.  The  extremely  regular  succession 
of  seasons  which  results  is  favourable  to  a  careful  garden-like 
agriculture,  the  chief  crops  being  wheat,  cotton,  indigo,  the 
sugar-cane,  and  orange,  but  especially  rice,  the  mulberry,  and 
the  tea-tree.  There  are  no  meadows  or  fodder-crops.  The 
aboriginal  vegetation  has  been  driven  back  to  the  high- 
lands. A  characteristic  of  the  native  flora  is  the  large  number 
of  trees  and  shrubs,  many  of  them,  like  the  Camellia,  ever- 
green. 

6.  The  Indian  Monsoon  Region. 

This  region  is  not  characterised  by  any  special  climatal 
conditions,  but  only  by  the  general  phenomena  of  the  tropics. 
Growth  takes  place  exclusively  in  the  rainy  season.  Accord- 
ingly as  the  monsoon  is  a  land-  or  a  sea-breeze,  is  it  dry  or 
moist ;  and  the  monsoon  region,  in  fact,  includes  every  de- 
scription of  climate  which  is  possible  within  the  tropics. 
On  its  northern  border,  for  example,  its  conditions  approxi- 
mate to  those  of  the  temperate  zone ;  and  at  the  foot  of  the 
Himalayas  there  is  an  immediate  transition  from  the  desert 
landscape  to  the  most  luxuriant  tropical  forests.  Besides 
the  gigantic  forests,  characteristic  forms  of  vegetation  are 
presented  by  the  savannahs  and  the  jungles.  Among  the 
prominent  features  of  the  flora  of  this  region  are  palms, 
bamboos,  and  tree-ferns ;  the  banyan,  Ficus  indica^  which 
emits  aerial  roots  from  its  branches  to  the  ground  ;  man- 
groves, which  put  out  roots  from  the  seeds  while  they  still 
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remain  in  the  fruits  attached  to  the  branches,  and  thus, 
like  the  banyan,  can  produce  a  group  of  trees  from  a  single 
individual ;  laurels,  teak-trees,  lianes,  numerous  beautiful 
Orchideae,  Nepenthaceae,  and  Nymphaeacese.  The  most 
important  food-plant  is  rice.  Cotton,  the  opium-poppy,, 
ginger,  sesame,  and  indigo  are  also  widely  cultivated  crops. 
Among  fruit  trees  and  useful  shrubs,  the  coffee-plant  is 
grown  in  Java,  cinnamon  in  Ceylon,  the  nutmeg  and  clove 
in  the  Moluccas,  the  bread-fruit  and  the  cocoa-nut-palm 
in  the  South  Sea  Islands,  camphor  in  Borneo,  pepper  in 
Malabar  and  Siam.  In  addition  the  plantain,  orange,  and 
other  sweet  fruits  are  universal 


7.  The  Sahara, 

This  is  the  region  of  the  unchecked  prevalence  of  the 
trade-winds  in  northern  Africa,  northern  Arabia,  and  southern 
India,  and  is  almost  rainless.  Any  vegetation  is  possible 
only  from  the  occasional  occurrence  of  thunderstorms  or 
dew,  or  from  the  rainfall  of  adjoining  regions  being  carried 
underground  as  surface-water,  and  giving  rise  to  springs  or 
wells.  But  it  is  scarcely  conceivable  that  there  are  even  in  the 
Sahara  any  large  tracts  in  which  a  scanty  vegetation  cannot 
thrive  at  certain  times.  The  nature  of  the  surface  indicates 
four  varieties  of  landscape  : — ^the  stony  plains  of  the  Ham- 
mada  ;  the  undulating  deserts  of  the  Areg  covered  with  shift- 
ing sand  ;  the  deep  gullies  or  Wadis  ;  and  the  Oases.  The 
Hammada  brings  forth  only  at  particular  spots  scanty  thorny 
or  leafless  shrubs,  and  sometimes  also  saline  plants.  The 
Areg  sometimes  produces  Grasses.  The  rest  of  the  scanty 
vegetation  of  the  desert,  oily  and  bulbous  plants,  &c.,  retreats 
to  the  Wadis  and  the  Oases  with  their  date-palms.  The 
date-palm  is  the  only  tree  which  has  its  original  and  uncon- 
tested home  in  the  Sahara  ;  the  rest,  as  well  as  a  number  of 
other  plants,  have  migrated  from  elsewhere  or  been  introduced 
by  man. 
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8.  77ie  Sudan  Region. 

This  regionincludesCentral  Africa  from  20°  N.  lat  to  2o°S. 
lat,  as  well  as  southern  Arabia;  and  enjoys,  in  general,  a  re- 
freshing rain  only  when  the  rays  of  the  sun  strike  vertically 
downwards,  remaining  at  other  times  under  the  influence  of 
the  dry  trade-winds.  Growth  is  therefore  possible  only  as  an 
occasional  phenomenon  ;  and  the  prevalent  character  of  the 
vegetation  is  that  of  the  savannahs.  Copious  dew  and  sharp 
changes  of  temperature  contribute  to  render  the  climate  of  this 
region  extremely  ill-adapted  for  the  immigration  of  foreign 
forms;  so  that  the  aboriginal  fauna  and  flora  have  been 
preserved  in  their  primitive  aspect.  A  characteristic  feature 
is  the  gigantic  Grasses,  often  6  or  7  metres  high ;  peculiar  to 
it  are  the  enormous  stems  of  the  baobab  and  leaves  of  Musa 
Ensete,  Among  the  more  important  useful  plants  are  the 
tamarind,  the  fig-sycamore,  the  palms,  especially  the  doom 
palm  and  the  oil  palm  Elaeis guineensis^  and  the  succulent  and 
poisonous  arborescent  Euphorbias.  Acacias  and  thorny 
shrubs  are  generally  distributed.  A  not  inconsiderable  por- 
tion of  the  Sudan  flora  has  migrated  into  Upper  Egy'pt. 
South  Arabia  was  at  one  time  treated  as  a  separate  region, 
on  account  of  its  balsamic  vegetation. 

9.  The  Kalahari  Region. 

The  Kalahari  region  extends  along  the  Atlantic  coast  of 
Africa  from  20°  to  29°  S.  lat.  It  is  altogether  destitute  of 
water,  and  forms  a  connecting  link  between  deserts,  savannahs, 
and  steppes  covered  with  shrubs ;  and  has  no  oases  with  a 
settled  population,  but  is  tenanted  only  by  wandering  nomads. 
Peculiar  to  this  region  is  the  remarkable  Welwitschia  (see 
P-  Z2i^)\  ^^^  the  most  prominent  members  of  the  scanty 
flora  are  spiny  Acacias  and  other  shrubs  which  almost  en- 
tirely impede  locomotion,  a  number  of  bulbous  and  tuberous 
plants,  Grasses,  and  the  south  African  water-melon.  There 
are  no  palms. 
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10.  The  Cape  Region, 

The  interior  elevated  plains  of  the  Cape  of  Good  Hope, 
which  lie  south  of  the  Orange  River,  slope  downwards  through 
rocky  mountains  or  precipitous  descents  to  the  level  of  the 
sea.  The  climate  may  be  compared  to  that  of  the  elevated 
plains  of  Spain.  In  both  districts  an  extraordinary  variety 
of  vegetation  is  promoted  by  the  unequal  distribution  of 
temperature,  of  the  annual  rainfall,  and  of  the  humidity  of 
the  air.  The  highest  terrace  (about  1,000  metres  above  the 
level  of  the  sea),  the  Roggefeld,  is  at  times  completely  bare, 
and  at  other  times  is  covered  only  by  small  compositous 
bushes.  The  middle  terrace,  the  Karroo-plain  (700  metres), 
is  also  clothed  with  a  uniform  steppe-vegetation  ;  the  so- 
called  *  rhinoceros-bush '  (Stoebe  rhinocerotis)  belonging  to  the 
Compositae,  covers  the  widest  tracts  of  country  ;  it  is  only 
in  August  that  the  soil  becomes  clothed  for  a  few  weeks  with 
a  luxuriant  green,  carpeted  with  numberless  flowers,  belong- 
ing to  the  Compositae,  Liliaceae,  Mesembryanthemaceae,  &c. 
From  the  Karroo-plain  to  the  coast  the  character  of  the  vege- 
tation is  determined  by  the  evergreen  shrubs,  constituting 
what  is  railed  the  *  bush.'  This  is  perhaps  the  richest  spot 
on  the  whole  earth  in  species  of  plants,  and  is  especially  the 
paradise  of  flowers.  Ericaceae,  Proteaceae,  Euphorbiaceae, 
Stapelias,  Liliaceae,  Irideae,  and  *  everlastings '  {Helichrysuniy 
belonging  to  the  Compositae)  are  the  most  conspicuous  ele- 
ments of  the  vegetation.  Especially  noteworthy  is  the 
Prionium  or  palmet  (Juncaceae),  the  stems  of  which  grow 
so  closely  crowded  together  that  they  detain  and  impede 
the  courses  of  rivers  like  wears. 

1 1.   The  Australian  Region, 

Northern  Australia  has  a  tropical  climate  with  a  summer 
rainy  period.  In  the  sub-tropical  zone,  from  19°  to  29°  S.  lat., 
is  a  desert  belt  in  which  the  reign  of  the  trade-winds  is  un- 
interrupted. The  climate  of  South  Australia  may  be  com- 
pared to  that  of  the  Mediterranean,  the  rainfall  be\tv^\\\s\\\»$^ 
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to  the  winter ;  while  in  Tasmania  rain  falls  at  all  seasons. 
Most  of  the  rivers  are  dried  up  for  considerable  periods, 
and  leave  gradually  diminishing  *  creeks '  of  water  only 
where  their  beds  are  deepest.  Woody  savannahs  termed 
*  grass-lands/  and  thickets  of  bushes  known  as  *scnib,' 
occupy  the  greater  part  of  Australia  so  far  as  it  has  been 
opened  to  colonisation.  The  grass-land  is  a  carpet  of 
meadow  interspersed  with  occasional  forests  of  Eucalyptus^ 
and  adorned  in  the  rainy  season  with  numerous  bulbous 
plants,  Liliaceae,  Orchideae,  &c.,  and  'everlastings.'  The 
scrub  consists  entirely  of  densely  interwoven  shnibs, 
Proteaceae,  Epacrideae,  Myrtaceae,  Leguminosae,  &c.,  among 
which  rise  sometimes  lofty  trees,  Eucalypti  and  Acacias; 
but  is  destitute  of  herbaceous  plants  and  grasses.  In  the 
valleys  of  the  creeks  there  is  only  a  dense  scrub ;  and  here, 
among  other  plants,  are  found  the  Casuarinas  (she-oaks), 
palms,  and  the  grass-tree,  Xanthorrhaa.  In  addition, 
Australia  has  also,  like  the  Asiatic  steppe- region,  grass-, 
salt-,  and  sand-steppes. 

12.  The  North  American  Forest- Region. 

The  regions  of  vegetation  of  North  America  correspond 
to  those  of  the  eastern  hemisphere.  A  broad  forest-zone 
passes  through  the  whole  continent  from  Behring's  Strait  to 
Newfoundland,  and  southwards  as  far  as  Florida  and  the 
mouths  of  the  Mississippi.  The  narrow  strip  of  coast  of 
California  may  be  compared  with  the  Mediterranean  region 
in  its  rainless  summer  period  ;  and  the  Asiatic  steppes  cor- 
respond to  the  prairies  between  the  Sierra  Nevada  and  the 
Mississippi. 

As  compared  with  the  Europaeo-Siberian,  the  American 
forest-region  is  colder  in  the  same  latitude,  and  the  difference 
may  be  estimated  as,  on  an  average,  one  of  io°  of  lat  Thus, 
for  example,  the  average  annual  temperature  at  New  York,  in 
4 J®  N.  lat,  is  io°-5  C.  ;  and  that  of  Brussels,  in  51°  N.  lat, 
is  10^-4  C.     The  difference  is  less  than  this  in  the  southern 
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portions,  but  increases  gradually  towards  the  north.  The 
temperature  diminishes  very  rapidly  as  we  advance  nortli- 
wards,  the  cold  waters  of  the  Polar  sea  having  no  sufficient 
outflow  southwards  througli  the  narrow  Behring's  Strait  and 
Hudson's  Bay.  Europe  has  also  the  advantage  of  a  less 
variable  maritime  climate,  from  the  inland  seas  penetrating 
to  a  greater  depth.  In  consequence  of  this.  New  York  has 
the  summer- temperature  of  Rome  and  the  winter  temperature 
of  Copenhagen  ;  Quebec  the  summer  of  Paris  and  the  winter 
of  Petersburg.  The  character  of  the  vegetation  is  determined 
by  this  alternation  of  summer  and  winter  temperatures. 

The  northern  belt  includes  the  zone  of  Pinus  alba 
and  nigra,  which  in  America  replace  the  European  firs. 
Coniferous  forests,  the  individuals  of  which  are  often  of  an 
immense  size,  mixed  with  a  few  exogenous  trees,  mark,  in 
the  zone  of  the  Oregon  pine,  the  passage  to  that  of  de- 
ciduous exogenous  trees.  These  forests  are  distinguished 
from  the  corresponding  oak-  and  beech-zones  of  Europe  by 
the  greater  variety  of  their  oaks,  and  by  the  species  of  elm, 
ash,  and  maple.  The  forest-zone  of  the  Southern  States 
is,  as  in  South  Europe,  characterised  by  evergreen  ex- 
ogenous trees  intermixed  with  representatives  of  tropical 
families.  In  its  moist  summer  the  climate  of  these  States 
resembles  that  of  China ;  the  most  noticeable  crops  are 
cotton,  rice,  and  the  sugar-cane.  But  these  advantages  are 
again  partially  counterbalanced  by  the  sandy  and  marshy 
nature  of  the  soil  from  Louisiana  to  Virginia,  [the  Great 
Dismal  Swamp],  covered  by  Pinus  australis^  and  by  the 
almost  inaccessible  swampy  lowlands  of  the  Atlantic 
coast 

Most  European  crops  thrive  in  North  America  as  well  as 
with  us ;  but  the  great  alternations  of  temperature  are  un- 
favourable to  the  more  tropical  species,  as  the  orange.  The 
maize  is  cultivated  to  higher  latitudes  than  in  Europe,  while 
the  cultivation  of  the  grape-vine  is  scarcely  anywhere  carried 
on  with  much  success. 
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13.  The  Prairie  Region. 

The  prairies,  the  steppes  of  North  America,  are  treeless 
plains,  in  which  the  severe  cold  of  winter  is  succeeded  by  a 
short  period  of  active  growth  ushered  in  by  a  transitory 
rainy  season,  and  a  dry  rainless  summer.  The  cause  of  the 
summer  drought  is  the  dryness  of  the  prevalent  western 
Pacific  winds  ;  and  this  is  the  result  of  the  moisture  of  the 
air  being  previously  withdrawn  by  the  Rocky  Mountains 
and  the  chain  of  mountains  along  the  Califomian  coast 
The  heavy  rains  which  fall  on  these  mountains  are,  it  is 
true,  the  feeders  of  great  rivers  which  cross  the  prairies ;  but 
these  water-courses,  which  are  often  of  great  size,  the 
affluents  of  the  Mississippi,  the  Colorado,  and  the  Rio 
Grande  del  Norte,  are  of  but  little  service  for  the  irrigation 
of  the  soil,  because  they  have  worn  their  way  down 
into  the  soil,  often  to  such  a  depth  that  no  arable  land 
is  left  in  the  deep  chasms  or  river-beds  known  as  *  canons ' ; 
and  sometimes  there  is  not  even  a  belt  of  trees  by  the  side 
of  the  stream.  The  south-western  portion  of  the  region 
is  covered  by  an  inhospitable  salt-desert,  where  the  soil  is 
often  completely  bare,  or  produces  a  vegetation  consisting 
almost  entirely  of  a  few  sparse  Chenopodiaceae  and  social 
Artemisias.  There  are,  however,  here  and  there  in  the  pre- 
vailing desert,  a  few  scattered  oases,  among  which  that  of  the 
Great  Salt  Lake  is  the  most  important.  A  contrast  to  the 
salt-desert  is  afforded  by  the  northern  portion  of  the 
region,  a  true  grass-steppe,  the  home  of  the  bison ;  while 
in  the  south  agaves,  aloes,  and  yuccas  abound,  and  the 
Cactacese  attain  their  maximum  development  The  few 
trees  and  shrubs  which  are  found  here  and  there  on  the 
banks  of  the  rivers  and  slopes  of  the  mountains,  have  mostly 
migrated  from  the  forest-region.  Among  the  characteristic 
forms  of  vegetation  are  the  Min:oseae,  especially  the  genus 
Prosopis,  which  forms  by  itself  the  feature  in  the  landscape 
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known  as  *mezquit/  while,  associated  with  other  thorny 
shrubs,  it  constitutes  the  *  chaparals/ 


14.   The  Calif ornian  Region, 

The  climate  of  this  strip  of  coast,  which  is  of  a  purely 
maritime  character,  is  determined  by  the  uniformity  of 
the  temperature — that  of  summer  and  winter  differing  by 
only  a  few  degrees — and  the  regular  alternation  of  a  moist 
cooler  season  with  a  rainless  summer.  In  the  mildness  and 
short  duration  of  the  winter,  m  the  rainless  summer  of  the 
forest-region  beyond  the  Oregon,  and — in  contrast  to  the 
prairies — in  the  length  of  the  period  of  active  growth  neces- 
sary for  the  development  of  arborescent  vegetation,  the 
climate  of  California  resembles  that  of  the  Mediterranean, 
although  the  mean  temperature  is  not  so  high.  The 
culture  of  the  vine  has  struck  root  here,  and  that  of  cereals 
and  fodder-crops  yields  in  places  extraordinary  results. 
Arboreal  vegetation  here  attains  its  maximum  development 
in  the  gigantic  mammoth-trees,  the  Sequoia  [or  Wellingtonid\ 
gigantea,  the  loftiest  of  known  trees.  Other  gigantic  though 
somewhat  less  lofty  conifers,  and  evergreen  exogenous  trees, 
oaks,  limes,  ashes,  and  willows,  shrubs  allied  to  the  oleander, 
myrtle,  and  heaths,  as  well  as  numerous  smaller  bushes  and) 
grasses  growing  in  great  masses,  complete  the  flora  of  this 
small  but  remarkable  region,  which  often  assumes  a  park- 
like character. 


15.  The  Mexican  Region, 

This  region  may  be  divided,  according  to  its  elevation 
above  the  sea-level,  into  three  zones :— the  gulf-zone,  the 
zone  of  the  Mexican  highlands,  and  the  Pacific  zone.  The 
first,  a  narrow  strip  of  coast,  rises  above  the  dry  sea-shore  in 
gently  sloping  grass  savannahs,  interrupted  here  and  there 
by  woody  tracts,  and  even  by  groups  of  palms.     A  much 
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richer  vegetation  of  tropical  growths  fills  the  moister 
ravines,  the  '  barrancas/  which  score  the  volcanoes  on  all 
sides.  The  upper  portion  of  the  tropical  zone  is  covered 
by  damp  mountain-woods  with  evergreen  foliage.  Asso- 
ciated with  the  lofty  exogenous  trees  are  tree-ferns,  ar- 
borescent Liliaceae,  numberless  lianes,  among  which  are  the 
sarsaparilla  and  the  vanilla,  an  immense  variety  of  copiously 
flowering  Orchideae  and  Bromeliaceae,  including  the  pine- 
apple. The  cultivation  of  the  coffee,  plantain,  and  sugar- 
cane are  here  carried  on  with  success.  A  striking  contrast 
to  this  wealth  is  presented  by  Yucatan,  the  chief  product  of 
which  is  its  logwood  forests.  The  highland  of  tropical 
Mexico  enjoys  an  extremely  uniform  climate,  with  a  tem- 
perature resembling  that  of  the  summer  at  Paris.  In  the 
character  of  its  vegetation,  its  agaves,  spiny  Mimosas,  and 
cacti,  it  approaches  the  southern  prairies,  but  is  admirably 
adapted  to  the  cultivation  of  the  olive,  mulberry,  and  vine, 
and  especially  of  the  agaves  which  yield  the  drink  known  as 
])ulque.  The  forests  consist  chiefly  of  oaks  and  Conifers. 
The  gradual  slope  of  Mexico  towards  the  Pacific,  or  Pacific 
zone,  has  a  less  uniform  character  than  the  narrow  Gulf- 
zone.  Its  flora  is  less  rich  than  that  of  the  Gulf- zone,  the 
rainfall  being  less  ;  but  the  sea-coast  is  bordered  by  a 
tropical  forest  which  yields  logwood  and  the  cocoa-nut. 

1 6.   The  West  Indian  Region, 

The  West  Indies  form  a  phy to- geographical  region  of 
their  own.  Each  of  the  solstices  is  followed  by  a  rainy 
season,  which  Causes  the  West  Ind  an  archipelago  to  be  well 
wooded  to  the  tops  of  the  mountains.  The  present  vegeta- 
tion is,  however,  different  from  the  aboriginal.  When  first 
discovered  by  Europeans  the  whole  of  Jamaica  was  almost 
entirely  covered  with  mahogany  trees  and  Cedrelas  ;  maize 
was  the  only  crop.  The  forests,  however,  soon  disappeared 
on  the  coasts  ;  the  sugar-cane  became  the  principwd  product 
of  the  low  districts,  and  coffee-plantations  arose  on  the  hills. 
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Since  the  emancipation  of  the  slaves,  these  crops  have  been 
to  a  considerable  extent  replaced  by  pasture  land ;  and  even 
the  meadows  are  being  changed  by  the  introduction  of  foreign 
grasses. 

17.  The  Cis-equatorial  Region  of  South  America. 

The  shores  of  this  region  are  covered  with  dense 
forests,  while  in  the  interior  of  the  conthient,  where  the  sea- 
winds  have  been  deprived  of  moisture  by  the  action  of  the 
chains  of  mountains,  extend  the  great  savannahs  of  Guiana, 
and  the  boundless  llanos  of  Venezuela,  covered  by  an  ex- 
traordinarily rich  fauna,  and  characterised  by  a  sharp  contrast 
of  dry  and  moist  seasons.  These  forests,  which  clothe 
especially  the  shores  of  the  Amazon,  are  mostly  evergreen, 
with  but  few  Coniferge,  and  marked  by  Passifloraceae,  Pipe- 
raceae,  Phyteiephas,  llaberncemofjtana,  and  a  great  variety  of 
palms.  The  savannahs  are  grass  plains  sprinkled  but  sparingly 
wiih  trees  ;  in  the  spring  they  resemble  the  northern  prairies, 
splendidly  gay  with  the  most  brilliant  flowers  ;  while  in  the 
autumn  they  produce  thinly-sown  corn-crops,  till  the  com- 
mencement of  the  rainy  season  brings  again  the  grass  and 
the  flowers.  The  llanos  are  grass  plains  often  entirely 
destitute  of  trees,  sometimes  dry  deserts,  at  others  flooded 
by  continuous  rain. 

18.   The  Amazon  Region, 

The  uniformity  of  a  tropical  temperature,  and  the  regu- 
lar increase  of  moisture,  produce  on  the  banks  of  the 
Amazon  and  neighbouring  streams  a  forest-region  known  as 
*  Hylsea.'  In  the  main  stream  the  greatest  height  of  the 
water  exceeds  the  lowest  by  as  much  as  from  13  to  17 
metres  ;  and  since  the  shores  are  perfectly  flat,  the  forest  is 
flooded  every  year  on  both  sides  of  the  river  to  a  breadth 
of  several  geographical  miles.  This  tract  of  country  is 
known  as  *  igapo,'  consisting  of  forests  in  which  the  ttv3»?«5» 
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of  the  trees  stand  for  months  in  water  from  3  to  13  metres 
deep.  Among  the  more  important  trees  are  Mimosas, 
I-^uraceae,  and  Ficuses,  intermixed  with  and  overtopped  by 
magnificent  palms,  among  which  is  the  Moriche-palm, 
Mauritia  flexuosa ;  there  are  no  woody  lianes.  Beyond 
the  region  of  the  floods  are  the  Ete-  or  Gua^u-forests,  in 
which  the  prevalent  forms  are  the  dusky  Lauraceae,  with  the 
brazil-nut,  Beriholettia,  covered  everywhere  by  stout  lianes. 
The  forests  on  the  Rio  Negro  differ  from  those  near  the 
Amazon  in  the  rarity  of  palms  and  lianes.  The  natural 
products  of  all  these  forests  are  unbounded  : — brazil- 
nut,  caoutchouc,  cocoa,  vanilla,  sarsaparilla,  with  valuable 
woods,  vegetable  fibres,  and  medicinal  plants  in  the  greatest 
variety. 

19.   The  Brazilian  Region. 

Along  the  whole  of  the  south-east  coast  of  Brazil 
stretches  a  chain  of  mountains,  the  Serra  do  Mar,  rising  to 
an  elevation  of  7,000  feet,  the  slopes  of  which  are  exposed 
to  the  trade-wind,  and  collect  a  considerable  amount  of 
moisture.  This  is  succeeded  in  the  interior  by  a  broad 
table-land  consisting  of  argillaceous  slate,  deprived  by 
the  Serra  do  Mar  of  the  Atlantic  moisture,  and  therefore 
covered  everywhere,  except  where  there  is  running  water 
or  bogs,  by  savannahs,  called  in  Brazil  '  campos.'  Here, 
in  the  southern  summer,  the  rainy  period  produces,  as  if 
by  magic,  a  vegetation  which  is  dormant  during  the  dr}' 
season,  the  alternation  being  exhibited  especially  in  the 
widely  distributed  savannah-forests,  the  *  catingas.'  The 
campos  are  naturally  divided  into  a  northern  plain,  a 
central  table-land,  and  southern  tracts  beyond  the  tropics 
In  the  northerly  campos,  as  in  the  llanos  north  of  the 
equator,  the  savannah-grasses  flourish  with  their  loose  tufls, 
and  among  them  rise  a  few  columnar  cactus-stems.  On 
the  table-land  the  number  of  shrubs  with  coloured  flowers 
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increases  with  the  elevation  of  the  ground ;  and  Melocac- 
tus  takes  the  place  of  the  columnar  forms.  Both  sections 
possess  thickets  and  forests,  but  composed  of  different 
trees.  The  almost  unmixed  groups  oiAraucaria  brasiliensis 
are  peculiar  to  the  southern  savannahs.  To  the  west  the 
savannahs  extend  as  far  as  the  affluents  of  the  Paraguay  and 
Madeira.  Here,  as  on  the  coast,  we  come  again  to  prime- 
val forests,  the  *  pantanals,*  of  a  tropical  luxuriance,  which, 
like  the  forests  of  Hylflea,  owe  their  peculiarities  to  running 
water.  To  the  south  of  these  the  plains  of  Gran-Chaco,  and 
the  woody  highland  of  Paraguay,  alternating  with  open  grass- 
plains,  almost  entirely  fill  up  the  space  between  the  Ancles 
and  the  southern  table-land  of  Brazil.  Here  are  found  the 
forests  of  *algarob,'  belonging  to  the  Mimose^e,  and  the 
Brazilian  wax-palm,  Copernicia  cerifera, 

20.   21ie  Tropical  AndcBan  Region. 

Throughout  almost  the  whole  of  this  region,  like  the 
last,  there  is  a  natural  distinction  between  a  chain  of  moun- 
tains rising  almost  immediately  from  the  shore  of  the  Pacific, 
forming  a  kind  of  littoral  cordilleras,  and  an  eastern  series 
of  peaks  which  slope  down  to  the  broad  lowlands  of  South 
America.  In  Peru  and  Bolivia  the  western  chain  includes 
an  extensive  highland,  the  Sierra  or  Puna  district ;  while  on 
the  southern  tropic  both  the  ridge  and  the  peaks  disappear, 
and  give  place  to  the  desert  of  Atakama.  The  Pacific 
coast  of  this  entire  region  is  an  altogether  rainless  country, 
which  is  only  watered  in  winter  by  slight  mists,  the  *  gamas  ; ' 
the  Antarctic  current  of  Humboldt  which  skirts  the  coasts 
bringing  constantly  fresh  quantities  of  cold  water,  and 
causing  the  condensation  of  the  aqueous  vapour  brought  by 
the  sea-winds.  Drought  prevails  therefore  not  only  on  the 
land,  but  also  on  the  sea,  as  is  shown  by  the  guano- deposits 
of  the  Chincha  Islands.  Only  on  the  shores  of  the  short 
rivers,  or  by  means  of  artificial  irrigation,  can  cultivation  be 
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carried  on  in  detached  spots.  Even  the  higher  portions  of 
the  coast-range,  as  well  as  the  Puna  district,  are  treeless,  but 
are  covered  with  an  Alpine  herbaceous  and  shrubby  vegeta- 
tion. A  richer  tropical  vegetation  is  to  be  met  with  in  the 
Penivian  Andes  only  on  the  eastern  slope  of  the  eastern 
Cordilleras,  or  in  the  valleys  which  intersect  the  Puna 
district  with  deep  rocky  channels,  and  lead  to  the  lowlands 
and  the  sea.  A  long  rainy  season  in  summer  is  here  a 
source  of  inexhaustible  fertility  ;  coffee,  the  plantain,  sugar- 
cane, and  cocoa,  are  the  cultivated  crops.  While  the 
botanical  features  of  the  district  at  the  foot  of  the  Cordilleras 
and  in  the  deep  valleys,  merge  gradually  into  those  of  the 
Brazilian  flora,  the  upper  belt  of  woods,  the  Ceja  of  the 
Montana,  present  some  peculiar  features,  tree-ferns,  palms, 
Guttiferae,  Scitamineae,  and  especially  the  most  important 
of  all,  the  Cinchona  or  Peruvian  bark. 

21.   The  Pampas  Region, 

By  a  Pampas  is  meant  a  treeless  pasture -land  covered 
with  grass  ;  but  in  the  region  of  vegetation  so  designated 
must  be  included  the  whole  country  extending  from  the 
boundary  of  Brazil,  where  the  regular  rainy  seasons  of  the 
tropical  zone  cease,  across  the  States  of  La  Plata  and  Pata- 
gonia nearly  to  the  southern  extremity  of  the  continent. 
The  true  pampas  resembles  the  grass  plains  on  the  Missouri; 
and  the  thickets  and  thin  woods  which  occur  in  the  provinces 
of  La  Plata  lying  nearer  to  the  southern  limit  of  the  tropic, 
resemble  the  chaparals  or  mesqu it-thickets  of  Texas  and 
New  Mexico.  The  nature  of  the  vegetation  is  here  deter- 
mined by  the  distribution  of  the  moisture  ;  the  greater  part 
of  the  rainfall  takes  place  in  the  form  of  sudden  thunder- 
storms, while  at  other  times  the  air  is  extremely  dry,  but 
with  copious  dews  at  night.  Long  periods  of  drought  inter- 
vene, the  storms  often  failing  altogether  for  years.  This  is 
the  cause  of  the  entire  absence  or  the  extreme  scantiness  of 
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the  arborescent  vegetation.  The  climate  is  not,  however,  in 
itself  unfavourable  to  the  growth  of  trees,  as  is  the  case  with 
the  prairies  and  the  steppes  of  the  Old  World.  In  Uruguay 
generally  the  cultivation  of  trees  is  possible  ;  in  Buenos 
Ayres  the  peach  is  grown  for  the  sake  of  its  wood. 

The  Pampas-region  may  be  divided  into  three  zones  : — 
the  interior  north-western  Chanar  steppe  ;  the  true  Pampas; 
and  the  southern  plains  of  Patagonia.  The  first  is  not  oc- 
cupied to  any  great  extent  by  grass,  but  is  chiefly  covered 
by  underwood,  especially  the  chanar-shrub,  an  Acacia  known 
as  *  espinillo,'  and  species  of  Cactus.  At  the  foot  of  the 
Andes  it  includes  some  salt  lowlands,  the  Argentine 
*  Salinas,'  where  the  vegetation  consists  of  only  a  few  saline 
plants.  The  true  Pampas  are  grass-plains,  in  which  the 
trees  are  confined  to  narrow  strips  of  low  woods  along  the 
rivers.  There  are  scarcely  any  native  shrubs  or  herbaceous 
plants  ;  but  some  from  the  south  of  Europe  have  become 
naturalized ;  thistles  and  fennel  have  increased  to  an  enor- 
mous extent ;  Onopordon  acanthium  has  entirely  displaced  the 
grass  over  many  square  miles,  and  forms  impenetrable 
thickets,  exceeding  a  man's  height.  "Where  the  grass-steppe 
ceases,  at  the  Patagonian  Colorado  and  Rio  Negro,  a  low, 
sparse,  thorny,  shrubby  vegetation  begins,  growing  among 
loose  stones,  until  at  length  this  also  becomes  scarce,  and 
the  arid  ground,  parched  by  the  dry  air,  prpduces  only  a 
few  tufts  of  a  hard  brown  grass.  A  small  Acacia,  which  is 
found  alone  and  solitary  in  the  neighbourhood  of  the  R'o 
NegFO,  is  so  remarkable  a  phenomenon  to  the  natives  that  it 
is  regarded  as  sacred. 


22.  The  Chilian  Transition- Region, 

This  region,  which  includes  the  northern  and  central 
provinces  of  Chile,  enjoys  a  climate  similar  to  that  of  the 
Mediterranean  ;  but  the  season  of  active  growth  is  interrupted 
by  longer  periods  of  drought ;  for  during  one-half  of  the 
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year  vegetation  appears  dead  and  the  land  almost  barren. 
Even  on  the  sea-coast  there  is  no  great  quantity  of  trees ; 
the  foliage  of  the  bushes  is  to  a  considerable  extent  replaced 
by  spines  ;  and  the  desolate  character  is  intensified  by  the 
wildness  of  the  naked  mountains  untouched  by  sea-breezes. 
Tropical  forms  of  plants  are  nowhere  found. 


23.  The  Antarctic  Forest- Region, 

The  Antarctic  flora  may  be  compared  with  that  of  the 
north  of  Europe  and  of  the  European  Alps.  As  in  northern 
Europe,  the  equatorial  currents  of  moist  air  alternate  irregu- 
larly witli  the  clear  sky  of  the  polar  currents ;  and  the  rainfall 
is,  in  consequence,  distributed  through  all  the  seasons  of  the 
year,  and  vegetation  is  usually  plentifully  supplied  with 
moisture.  But  since  this  rainfall  is  associated  with  a  milder 
winter  than  in  the  northern  hemisphere,  the  greater  number 
of  the  trees  preserve  their  foliage  throughout  the  year.  But 
notwithstanding  this  uniform  temperature,  there  is,  even  in 
southern  Chile,  where  snow  and  frost  are  unknown,  a  distinct 
period  of  repose  of  vegetation  during  the  winter.  While 
even  in  the  last  (Chilian  transition)  region  an  increase  in  the 
vigour  of  vegetation  coincides  with  the  rainy  season,  the 
deciduous  trees  here  lose  their  leaves  at  the  time  when 
the  greatest  quantity  of  rain  falls  and  the  temperature  is  also 
falling. 

The  Antarctic  region  may  be  divided  into  a  northern 
and  a  southern  zone.  Forest  prevails  everywhere.  In  the 
northern  zone,  which  includes  also  the  island  of  Chiloe,  the 
forest  is  composed  of  a  great  number  of  trees  belonging  to 
different  families,  including  Lauraceae,  Myrtaceae,  Oleaceae, 
and  even  bamboos;  lianes  and  parasites  cover  the  stems 
and  fill  up  the  space,  as  in  the  tropical  forests,  but  not  with 
the  same  abundance  of  forms.  In  the  southern  zone,  on  the 
other  hand,  almost  the  only  trees  are  beeches  ;  but  since 
the  most  common  deciduous  species,  Fagus  antarctica^  is 
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accompanied  by  an  evergreen  kind,  the  general  aspect  of 
the  forests  is  quite  different  from  that  of  northern  Europe. 
It  is  only  in  the  extreme  south,  where  the  diminished  tempe- 
rature and  the  moisture  which  remains  in  the  ground  are 
favourable  to  the  formation  of  peat,  that  the  forests  yield  to 
open  moors.  But  the  vegetation  of  these  moors  is  pecul:::^r, 
consisting  of  a  saxifrage  and  a  plant  allied  to  the  lilies,  as- 
sociated with  cranberries,  Ranunculi,  and  rushes. 


24.   Oceanic  Islands, 

The  native  plants  of  islands  often  differ  considerably 
from  those  of  the  nearest  continent ;  the  aboriginal  flora 
has  been  preserved  in  greater  purity  than  elsewhere  ;  and  it 
is  to  insular  floras  of  this  character  that  the  important  theory 
of  the  migration  of  plants  owes  its  origin. 

The  Azores,  Madeira,  and  the  Canaries,  an  archipelago 
formed  of  lava  and  volcanic  rocks,  possess  a  flora  altogether 
independent,  but  enriched  from  without,  and  known  as  the 
Atlantic  Flora.  That  of  the  Azores  resembles  the  Mediter- 
ranean flora;  evergreen  shrubs  and  forest  trees  belonging  to 
the  Lauracene,  together  with  beautiful  Ferns,  cover  the 
greater  part  of  the  islands.  Madeira  was,  at  the  time  of  its 
discovery,  completely  clothed  with  wood  down  to  the  shore. 
But  the  so-called  cedar  of  the  island,  a  timber- tree  with  a 
valuable  scented  wood,  disappeared  after  a  great  forest-fire. 
The  vegetation  has  been  completely  altered  by  cultivation. 
Together  with  the  sugar-cane,  which  has  taken  the  place  of 
the  vine — the  latter  having  been  almost  destroyed  by  the 
vine- disease  since  1852 — the  plantain  has  been  generally 
cultivated;  tropical  fruit-trees  are"  abundant ;  but  there  are 
no  palms.  Other  noteworthy  native  plants  are  the  dragon- 
tree  DraccBna,  the  luxuriant  forests  of  laurels,  the  shrubby 
heaths,  magnificent  Ferns,  and  dense  underwood,  which 
characterise  the  district  of  the  thickets  above  the  laurel- 
woods.     The  flora  of  the  Canary  Islands  has  an  African 
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character  in  its  lower  districts  ;  the  prevalent  forms  here 
are  numerous  succulent  plants,  especially  Euphorbiaceae, 
the  date-palm,  and  tamarisks.  These  districts  are  generally 
arid,  especially  since  the  change  introduced  in  consequence 
of  the  vine-disease ,  and  the  Opuntias,  which  serve  for  the 
nourishment  of  the  cochineal-aphis,  have  become  one  of  the 
most  important  objects  of  cultivation.  The  remaining  dis- 
tricts, characterised  by  laurel-woods,  thickets,  pines,  and 
Genistas,  indicate  an  Atlantic  flora,  although  the  evergreen 
woods  have  been  to  a  large  extent  destroyed. 

The  Cape-de- Verde  Islands  differ  from  those  already 
mentioned  in  their  more  tropical  climate.  The  rocks 
and  loose  stones,  uncovered  by  wood  or  even  by  the  least 
stratum  of  soil,  are  heated  to  so  high  a  temperature  by  the 
rays  of  the  sun  that  it  is  impossible  for  the  aqueous  vapour 
brought  by  the  trade^wind  to  become  condensed  ;  and  since 
there  is  sometimes  no  rainy  period,  the  vegetation  of  the 
islands  is  sparse.  Four- fifths  of  the  surface  is  said  to  be  en- 
tirely unproductive  ;  the  only  cultivated  plants  are  a  few 
introduced  cocoa-nut  and  date-palms,  coffee-bushes  and 
fruit-trees.  The  native  flora  is  generally  similar  to  the 
Atlantic,  while  the  introduced  plants  indicate  the  proximity 
of  Africa. 

The  volcanic  island  of  St.  Helena  was,  at  the  time  of  its 
discovery  at  the  commencement  of  the  sixteenth  century, 
covered  with  wood,  but  the  young  branches  were  so  com- 
pletely destroyed  by  introduced  herds  of  goats,  which  in- 
creased with  great  rapidity,  that  three  centuries  later  there 
was  a  scarcity  of  wood,  when  the  goats  were  taken  away  and 
trees  introduced  from  all  parts  of  the  globe.  The  climate, 
refreshed  by  a  steady  trade- wind  and  two  rainy  seasons,  is 
extraordinarily  fertile ;  but  the  introduced  plants,  and  es- 
pecially the  European  pines,  have  completely  displaced  the 
native  flora. 

Madagascar,  traversed  by  lofty  chains  of  granite  moun- 
tains, which  slope  on  both  sides  to  a  littoral  lowland,  marshy 
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or  occupied  by  lagunes,  has  a.  seven  months'  rainy  season. 
The  greater  part  of  the  island  is  in  consequence  covered 
with  moiiit  tropical  forests  bordered  in  the  interior  by  elevated 
grass  savannahs.  In  the  south  a  scanty  thorny  vegetation 
prevails.  The  most  remarkable  product  of  the  forests  is 
the  *  travellers'  tree/  Ravenala,  a  plantain,  the  fan-shaped 
leaves  of  which  are  hollowed  out  at  their  point  of  insertion 
into  a  spacious  cavity  in  which  water  is  caught  and  retained, 
so  that  when  pricked  they  give  out  a  refreshing  fluid. 
Here  is  also  found  the  aquatic  Ouvirandra  or  lattice 
plant,  the  leaves  of  which  consist  almost  entirely  of  a 
perforated  lace-like  network.  There  are  also  epiphytic 
Orchids  with  enormous  flowers,  tree-ferns,  impenetrable 
lianes,  heaths,  bamboos,  pitcher-plants,  Nepenthes,  and  a 
few  palms. 

The  flora  of  the  Mascarene  Islands  (Mauritius  and 
Bourbon)  is  allied  to  that  of  Madagascar.  That  of  the 
Seychelles  is  distinguished  by  the  double  cocoa-nut,  Lodoicea 
Seychellarum,  with  its  gigantic  fruits. 

The  Sandwich  Islands  enjoy  a  climate  resembling  that 
of  Jamaica.  In  Hawaii  plantations  of  the  cocoa-nut  palm 
and  bread-fruit  alternate  with  sugar-cane  fields ;  and  above 
the  cultivated  plain  a  belt  of  wood  surrounds  the  volcanoes. 
The  commonest  native  tree,  an  Acacia  known  as  *  koa,'  raises 
its  crown  of  leaves  above  a  dense  thicket  of  evergreen 
underwood.  Ihe  once  abundant  sandal-wood  has  already 
become  scarce  from  the  demand  for  its  timber. 

The  flora  of  the  Feejee  Islands  approaches  nearest  to 
that  of  the  Indian  monsoon  region.  To  the  summits  of 
their  basaltic  mountains  they  are  covered  with  the  most 
luxuriant  tropical  vegetation.  The  most  important  food- 
plants  are  the  plantain,  cocoa-nut  palm,  bread-fruit,  and  in 
the  cultivated  fields  tapioca  {Arum  esailentum),  yams,  Tacca, 
and  batatas.  . 

New  Caledonia  exhibits  in  its  flora  a  resemblance  to 
that  of  Australia.     Its  woods  are  destitute  of  undergrowth; 
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Myrtaceae  are  scattered  over  its  arid  grass-plains  at  wide 
distances ;  its  stony  mountains  are  barren. 

The  flora  of  Norfolk  Island,  not  unlike  that  of  New 
Zealand,  is  remarkable  for  the  Norfolk  Island  pine,  Araucaria 
cxcelsa. 

New  Zealand  is  more  nearly  related  in  its  flora  to  the 
forest  region  of  south  Chile  than  to  Australia,  which  lies  so 
much  nearer.  The  evergreen  forest,  composed  of  Myrtaceae, 
I^uraceae,  and  broad-leaved  Coniferae  (among  them  the 
Dammar  a  australis)  includes  also  tree-ferns  and  arborescent 
Liliaceae,and  is  often  rendered  impenetrable  by  dense  thickets 
of  lianes.  Shrubs  and  Ferns  mixed  together  clothe  the 
open  slopes  of  the  mountains  and  the  dry  plains ;  Fems  are 
often  the  sole  representatives  of  the  grass  of  other  countries, 
and  clothe  boundless  stretches  of  open  land ;  so  that  some 
resemblance  may  be  traced,  in  the  abundance  of  its  fem 
vegetation,  between  the  flora  of  New  Zealand  and  that  of 
prehistoric  times,  especially  of  the  vegetation  of  the  Car- 
boniferous formation.  Among  the  Fems  Pteris  esculenta  is 
noteworthy  for  supplying  food  ;  and  of  other  native  products 
the  valuable  New  Zealand  flax,  Fhormium  iefiax,  belonging 
to  the  Liliaceae. 

The  uninterrupted  southern  trade-winds  impart  to  the 
archipelago  of  the  Galapagos  Islands  an  arid  climate. 
Ascending  above  the  lava  fields,  covered  with  light  dwarf 
shrubs  and  Cactaceae  almost  destitute  of  leaves,  we  find  on 
the  mountains  a  tolerably  luxuriant  forest-flora,  but  w-ith  no 
tropical  character.  More  than  one-half  of  the  species  are 
endemic  {i.e.  peculiar  to  the  islands);  the  rest  have  migrated 
from  the  shores  of.  the  Isthmus. 

Juan  Fernandez  is  densely  covered  with  forests  alternat- 
ing with  grassy  plains.  No  considerable  immigration  of 
foreign  plants  has  taken  place ;  and  the  forests  are  covered 
with  climbers,  which,  like  the  trees  up  which  they  twine, 
occur  nowhere  else  on  the  surface  of  the  earth.  Fems, 
,tree-ferns,  and  palms  prevail. 
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The  Falkland  Islands  are  densely  covered  with  lofty 
grasses  which  have  extended  themselves  over  immense  layers 
of  peat. 

The  vegetation  of  the  basaltic  Kerguelen's  Land,  like 
that  of  the  Falkland  Islands,  consists  of  a  few  Grasses  inter- 
mixed with  tufts  of  an  Umbellifer.  There  are  no  woody 
plants.  The  most  interesting  species  is  the  *  Kerguelen's 
land  cabbage,'  a  Crucifer,  Pringlea  antiscorhutica  [differing 
from  most  of  the  Cniciferae  of  Europe  by  being  chiefly  wind- 
fertilised]. 

In  the  extreme  southern  latitudes  south  winds  laden 
with  snow  alternate  with  northerly  currents  of  air  saturated 
with  aqueous  vapour,  and  perpetual  white  fogs  of  unparal- 
leled density  spread  over  the  surface  of  the  sea.  These  fogs 
are  formed  also  on  the  islands  which  lie  near  this  zone, 
almost  entirely  depriving  them  of  the  rays  of  the  sun.  Both 
flora  and  fauna  are  extremely  scanty.  The  remarkable 
difference  between  the  climates  of  the  two  polar  zones  depends 
on  the  great  excess  of  \vater  in  the  extreme  southern  latitudes, 
on  the  consequent  cloudy  sky,  and  on  the  masses  of  icebergs 
which  break  loose  in  the  summer,  and,  in  melting,  reduce 
the  temperature  of  the  better  part  of  the  year.  But  in  these 
southern  latitudes,  where  life  is  now  so  scanty,  there  was 
once  a  warmer  prehistoric  epoch  ;  for,  like  the  extinct  forests 
of  Greenland,  the  evidence  of  well-preserved  fossil  stems 
proves  that  a  luxuriant  arborescent  vegetation  once  inhabited 
Kerguelen's  Land. 
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ABI 

A  BIETINEyE,  337.    Fig.  454, 458, 459 
■*  *•     Abnormal  phenomr:na,  216 
Abortion,  217 
Absinthe,  391 

Abstriction,  267.     Fig.  i,  398  i. 
Acanthaceae,  382 
Acaulescent,  76 

Accrescent,  126  134.     Fig.  234,  496 
Acerose,  94.    Fig,  454 
Achene,  153,  414.     Fig.    230,   327,  501, 

503 
Achlamydeous   (applied    to     a     flower 

which  has  neither  calyx  nor  corolla), 

Fig.  201,  202 
Achorion,  275 
Acicular,  94.     Fig.  454 
Acorn,  154.    Fig.  303 
Acotyledones.  156,  247 
Acrocarpi,  308.     Fig.  427,  432.  433 
Acrospore,  267.     Fig.  393  11.,  398 
Acuminatt*,  97.     Fig.  164 
Adaptation.  215 
Adhesion,  116,  219 
Annate,  91,  140.     Fig.  182,  282 
Adventitious  buds.  82 
Adventitious  roots,   75.     Fig.  115,   121, 

34?j  436 
ilCcidiospore,  273 
iridium,  273,  274 
Aerial  hyphae,  279 
Aerial  roots,  73 
iCstivation.  84.     Fig.  124-131 
iflthalium,  284 
Age  of  plants,  235 
Air-bladder,  Fig.  387,  389 
Air-cavity,  318.     Fig.  86,  444 
Alac,  132,  400.     Fig.  253 
Albumen.     See  Endosperm 
Albuminoids,  30,  173 
Albuminous,  156,  190,    Fig.  305,  333,  zH 
Alburnum,  365,  367 
Aleurone.  31 
Algae,  244,  247.     Fig.  38,  41,  54»  56,  58, 

59.  81,  82.  380-391 
Alismaceae,  351 


ANT 

Alkaloids,  31 

Allspice,  399 

Alluvial  formation,  431 

Alpinus,  4 

Alternate,  87 

Alternate  aestivation,  84.     Fig.  129 

Alternation  of  generations,  178,  190,  253, 

272,  296,  300,  315 
Amaranthaceae,  374 
Amaryllideae,  349 
Amazon  region,  451 
Amber,  4,0 
Amentaceae.  375 
Amentales,  374 
Amentum,  121,  375,  379.     Fig.  223,  481, 

485     . 
Amceboid  movement,  284 
Amomales,  348 

Ampelideae,  407.     Fig,  196,  257,  265 
Amphigastria,  297.     Fig.  424,  425 
Amplexicaul,  92.     Fig.  148 
Amygdaleae.  406,     Fig.  325 
Anatomy  of  plants,  2,  5,  6 
Anatropous,  146.     Fig.  too  11. 
Andreaeaceae,  306.     Big.  429 
Andrcecium,  111,  137 
Androspore,  252,     Fig.  385 
Anemophilous,  184 
Angiocarpous  Lichens,  288 
Angiosperms.  246,  358 
Angustisept,  413.     Fig.  530  11. 
Annual,  76,  V35 
Annual  ring,  362 
Annular  cell,  20.     Fig.  31-34 
Annular  vessel,  47 

Annulus,  264,  314.     Fig.  392,  393,  440 
Anonaceae,  416 
Antarctic  forest-region,  456 
Anthela,  122 

Anther,  137.  Fig.  267-286,  4^9,  461  11. 
Anther-lobe,  137.  Fig.  267-269,  468  11. 
Antheridial    receptacle     (a     group     of 

antheridia  only),  Fig.  422,  427,  431 
Antheridium,    245,    251,    279,   299.  315 

321.     Fig.  384,  403,  431,  441,  44,2.,  ^s 
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ANT 

Antherozoid,   aoo.   ?5i.    271,    793,   315. 

Fig.  37«.  384.  385.  389.  420,   427.  4'8, 

442.  445'  449,  45« 
Anthocerotejc,  30a     Fig.  421 

Anthoiysis,  222 

Antipodal  cells,  188.     Fig.  360 

Apetalae,  374 

Apetalous  (having  no  corolla),  Fig.  207, 

259 
Aphides,  233.  458 
Apical  cell,  55.     Fig.  83  »• 
Apicuiate,  103 
Apocarpous  (applied  to  an  ovary  or  fruit, 

the  carpels  of  which  are  not  united). 

Fig.  3M.  3»5 
Apocynaceae,  387 
Apo(>etalou:;,    129.     Fig.    232,  250,  252, 

255 
Apophyllous,  134 

Aposcpalous,  124,      Fig,  231-233 

Apothecium,  288.     Fig.  409,  413.  414 

Appendages,   141,  154,  153.      Fig.   283- 

285,  319,  328,  329 
Appendicular  organs,  72,  86 
Apple,  Fig.  519 
Applied  botany,  2 
Aqu^itic  roots,  73 
Arales,  354 
Araliacea:,  398 
Archegonial     receptacle      (a    group    of 

archegonia  only).  Fig.  422 
Archegonium,  245,   299,   315,  321.     Fig. 

422,  428,  441,  445,  451 
Arctic  region,  437 
Aree,  443 
ArilTode,  155 
Arillus,  154.     Fig.  328 
Aristolochiaceae,  378.     Fig.  279 
Aristotle,  3 

Aroideae,  354.     Fig.  194 
Artificial  systems,  239 
Asarales,  378 

Ascidiform,  107.     Fig.  193,  356 
Ascidium.     See  Pitcher 
Asclepiadeae,  387.     Fig.  355  e 
Ascogonium,  283 
Ascomycetes,  263,   282.     Fig.  375,  394- 

396.  39).  405.  408 
Ascophore,  282 

Ascophorous  hyphae,  288.     Fig.  413 
Ascospore,  268,  280.     Fig  393,  405 
Ascus,  (sac)  258,  280,  282,  288.    Fig.  395, 

399.  405,  413 
Asexual  reproduction,  178 
Asexual  reproductive  cell,  178 
Assimilation,  161,  172,  213 
Asterales,  388 

Atropous.    5rtf  Orthotropous 
Auriculate  (shai)ed  like  an  ear),  Fig.  185 
Australian  region,  445 
Aux'  spore,  256 
Awn,  343.     Fig.  462,  463 
Axile  placentation,  145.     Fig.  297 
Axillary,  Fig.  138 


BRA 

Axillary  bud,  82.     Fig.  123 

Axis,  70,  220.     Fig.  97,  99,  368,  370,  426 

Azores,  457 


rjACILLARIEiE,  256 

■'-'     Bacteria,  259,  276.     Fig.  391  i 

Balanophoraceae,  380 

Balsam,  402 

Bamboo,  Fig.  464 

Banvan,  75,  442 

Baobab,  409 

Bark,  357.     Fig.  66,  67,  351,  352 

Barrancas,  450 
Basidiomycetes,  282.     Fig.  65,  392,  393 
Basidiospore,  267.     Fig.  393,  398 
Basidium,  267.     Fig.  393.  398 
Basifixed,  140.     Fig.  280,  281,  283,  284 
Basilar,  143.     Fig.  290 
Bast,  66.  357.     Fig.  63,  94,  472  b,  476 
Bast-bundle.     Fig.  95,  477 
Bast-cell,  368.     Fig.  17,  18,  26.  65 
Bast-fibre,  48,  341,  368.     Fig.  14,  15,  67, 

93. 95.  476 
Bast-tube.    See  Bast-fibre 
*B«.st- vessel.     ^^^  Sieve- tube 
Bjuhin,  4 
Beet-disease,  231 
Begoniaceae,  399 
Benthain,  6,  243,  355 
Berberideae.  419.     Fig.  281 
Berkeley,  6 

Berry,  153.     Fig.  326,  495  11. 
Betulaceae,  375.     I'ig.  480 
Bicariaellary,  142.     Fig.  296,  297 
Biennial,  76,  235 
Bifid,  125,  131.     Fig.  251,  254 
Bignoniaceae,  382.     Fig.  329 
Bilabiate,  125,  129,   382,   390.     Fig.  230, 

248,  489  II. 
Bilocular,  140,  144.     Fig.  280-284,  297. 

.315  I,'-.  317 
Binomial  nomenclature,  238 
Bipinnate,  103.     Fi§.  143,  190 
Bisepalous,  X25.     Fig.  233 
Biseriate  (in  two  rows).  Fig.  228 
Biserrate,  99.     Fig.  170 
Bisexual.    See  Hermaphrodite 
Bitemate,  103.    Fig.  188 
Bixaceae,  414 
Bladder,  185.     Fig.  356 
'  Bleeding,*  233 
Bock,  3 
Bonnet,  6 
Bordered  pits,  19,  365.     Fig.  14,  22-44. 

27,  70 
Borragineae,    385.       Fig.   X51,   199,  a-7. 

245,  262 
Botanical  geography,  2,  432 
Botrytis.  27s 
Boussingault,  6 

Bract,  86,  116.  220.      Fig.  201,  458,  480 
Branch-spine.  109.      Fig.  197 
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BRA 

Braun,  5 

Brazil-nut,  3(^9 

Brazilian  region,  452 

Bristle,  61 

Brittleworts.    See  Characex 

Bromeliaceae,  348 

Brongniart,  6 

Broom-rape,  232 

Brown,  Robert,  6 

Brown  coal.    See  Ligaite 

Brunfels,  3 

Bryaceae,  307.     Fig.  427,  428,  430,  432- 

435 
Bryineae,  306.     Fig.  427-430,  432-435 
Bud,  82,  178,  179.     Fig.  99,  121, 123,  333 
Bud-scales,  83,  86 

Budding,  182,  261,  269,  278.     Fig.  354 
Bulb,  80.     Fig.  122 
Bulbil,  83,  178,  180,  295.     Fig.  Z2X,  Z22, 

350 
Bundle-sheath,  67 

Bunt,  227 

Bunter  Sandstein,  426 

Burseraceae,  407 

Butomaceae,  351 

Buxaceae,  378 


r^ABBAGE,  414 

^^    Cactaceae,  398 

Caducous,  125.     Fig.  233 

Caesalpinieae,  402 

Caesalpinius,  4 

Cainozoic  rocks,  429 

Cajeput-oil,  399 

Calainite,  322,  423 

Calamus,  77 

Calcium,  162 

Calcium  carbonate,  249 

Californian  region,  449 

Callus,  46,  181.     Fig.  351,  352 

Calyciflora:,  ^90 

Calycifloraliiower,  114.     Fig.  208 

Calyptra,  300,  304.     Fig.  427,  435 

Calyx,   no,    124,   300.      Fig.    199,   200, 

204-206,  208-210,  228-239,  49^ 
Camoifonn  tissue,  66 
Cambium,  43,  64.     Fig.  9^,  352,  472  b 
Cambium-sheath,  339.     Fig.  460 
Cambrian  system,  420 
Camelliaceae,  409 
Camerarius,  4 
Campanales,  388 
Campanulaceae,  388.     Fig.  242 
Campanulate,  125,   129,  131.     Fig.  242, 

261 
Camphor-gland,  53 
Campos,  452 

Campylospermae,  398.     Fig«  5x1 
Campy lotropous,  X46,     Fig.  300  III.,  333 
Cansilcell,  299 
Canary  Isles,  457 
Canker,  224 
Cannabinese,  374 


CEL 

Cannaceae,  348 

Caiions,  448   ' 

Caoutchouc,  24,  X76,  ^78 

Cape-de-Verde  Islands,  458 

Cape  of  Good  Hope,  444 

Capillarity,  x6o 

Capillitium,  284 

Capitate,  144.     Fig.  287,  290 

Capitulum,  117,  295,  388.     Fig.  2x3,  214, 

219.  499.  500 
Capptandeae,  414 

Caprifoliaceae,  394.     Fig.  X50,  272 
Capsule,    X48.      Fig.  289,   306-313,   468 

VI.,  496,  52s 
Carbon,  162,  165 
Carbon  dioxide,  decomposition  of,   172, 

173.  213 
Carbonic  acid.     See  Carbon  dioxide 
Carboniferous  system,  420.      Fig.    534- 

542 
Carcerulus,  152.     Fig.  321,  379  b,  490  11 
Carex,  Fig.  465,  467 
Carina,  132,  308,  400.     Fig.  253,  510 
Carnivorous  plants,  163 
Carpel,  142,  220 
Carpogonium,  283,  vii 
Carpophore,  152,  ^97.     Fig.  3x8,  509 
'  Cairrageen  moss,  254 
Carraway,  398 
Carrot,  398.     Fig.  510 
Canmcle,  155 
Caryophyllaceae,   409.      Fig.   226,    250, 

251,  254,  255,  333,  524,  52s 
Caryophyllaceous    corolla,     132.      Fig. 

254 
Caryophyllales,  409 
Caryopsis,  154,  344.     Fig.  461  iv. 
Cascarilla,  378 
Caspary,  6 
Cassava,  378 
Castor-oil,  378 
Casuarinaceae,  376,  446 
Cataphyllary  leaves,  87 
Catechu,  394 
Catingas,  452 
Catkin.     See  Amentum 
Caudex,  77.     Fig.  470,  471 
Caulerpa,  Fig.  380 
Cauliflower,  219,  414 
Cauline,  107 
Cauline  bundle,  357 
Cayenne  pepper,  384 
Ceiastraceae.  407 
Celastrales,  407 
Cell,  7,  12.     Fig.  1-36,  40,  41,  50,  52,  53, 

8r,  380 
Cell-cavity,  19.     Fig  2-6,  16,  374 
Cell-contents,  24.     Fig.  2,  42-47 
Cell-division,  34.     Fig.  ^5  i.,  56 
Cell-family,  37,  248.     Fig.  58,  59 
Cell-fluid,  8 
Cell-formation,  31 
Cell-fusion,  37,  47 
Cell-sap,  8 
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CEL 
Cell-wall,  8,  249.     Fig.  a,  7a,  374,  381, 

Cellular  Cryptogams,  67,  344,  347 

Cellular  plants,  67 

Cellulose,  xa,  ai,  173 

Central  cell,  191,  a^.  Fig.  4aa  iv.,  441 11. 

Centre  of  distribution,  433 

Centrifugal,  134.     Fig.  477  11. 

Centripetal,  133.     Fig.  477  il 

Chalaza,  146.     Fig.  300,  359 

Chalk,  430 

Chamomile.  391 

*  Chaparalt,'  449 

Characex,  391.     Fig.  371  i.,  418-430 

Charalen  344 

Chemical  processes,  196,  313 

Chenopodiaceae,  374 

Chenopodiales,  374 

Chicory,  39« 

Chino-Japanese  region,  443 

Chloranthaces,  378 

Chloranthy,  333 

Chlorine,  163 

Chlorophyll,  34,  108,  173,  349.     Fig.  40, 

41,  47.  5«.  54.  .444 

Chlorophyll-bodies,  34 

'  Cicinobolus-fruit '    (a  peculiar  repro- 
ductive body  in  certain  FungiX  rig. 

Citiate.  99.     Fig.  171 

Cinchona,  394,  454.     Fig.  505 

Cinchonese,  393 

Circinate,  85,  313.     Fig.  436,  437 

Circulation  of  protoplasm,   10.     Fig.  3, 

.40 
Circulation  of  sap,  1^5 

Circumscissile     dehiscence,    149.      Fig. 

312, 496  III. 

Cirrhus.     See  Tendril 

Cis-equatorial  region  of  South  America, 

Cistaceae,  414 

Clasping  root,  72 

Class,  238 

Classification,  3.  4,  2^7 

Cleistocarpi.    See  Pnascaceae 

Climbing  plants,  201.     Fig.  1x3,  X14 

Closed  bundle,  64,  67,  339 

Cloves,  399 

Qub-moss,  333 

Clusius,  3 

Coal,  423,  424,  428 

Coal-measures,  Fig.  534 

Cocoa-nut,  443,  459.     Fig.  305 

Coelosperrnae,  398.     Fig.  5x3  • 

Coenanthium,  117.     Fig.  316 

Coffee,  394 

Coffees,  393 

Coherent,  114.     Fig.  329,  330,  340-249, 

375,  378 
Cohesion,  xx6 
Cohn.  6^ 

Coleorhiza.     See  Root-sheath 
Collendiriiia,  39.    Fig.  64.  80,  444,  472 


CRE 

Colour  of  flowers,  128 
Columella,  280,  300,  304 
Combretaceae,  399    - 
Common  receptacle,  117.    Fig. 

217,  3x8,  498  II.,  500 
Compositae,  390.     Fig.  53,  77, 

314,   317-2x9,  235-239,  244, 

476,  498-S03 
Compound  leaves,  94,  xoo 
Compound  spike,  120 
Compound  umbel,  120 
Conceptacle,   257,  266,  324      1 
^  382,  447,  448 
Conducting  cell,  48 
Conducting  tissue,  48.      Fig.  3* 
Cone,  121,  147.     Fig.  224,  304," 
Confervaceae   (a    group    of  fil 

Algae  reproduced  by  swarmsi 
Conidia,  178,  179,  268,  279.  Fi 
Coniferae,  147,  191,  246,   336, 

423,  426.     Fig.  23,  24,  27.  78 

280,  304,  328,  335,  366,  367, 
^  478,  479.  543 

Conjugatac,  250,  256.  Fig.  41,  5 
Conjugating  cell,  27X.  Fig.  4a 
Conjugation,  32,  47,  250,  27X. 

^  383.  404 

Connate,  93.     Fig.  150,  187 
Connective,  137.     Fig.  267-269 
Contorted  aestivation,  85.     Fig. 
Contorted  vernation,  86.     Fig. 
Convolute  vernation,  85.     Fig. 
Convolvulaceae,   385.       Fig.     i 

378  II. 
Coralhna.     Fig.  382 
Cordate  (heart-shaped),  95.     Fi 
Coriaceous,  107 
Coriander,  398 

Cork,  23,  43,  379.     Fig.  66,  80, 
Cork,  Conversion  into,  22 
Corm,  8x.     Fig.  i2x 
Cormophytes,  69 
Comaceae,  398.     Fig^  325  il 
Corolla,  III,  128.     Fig.    X99,    5 

206,  3o8-3IO,  240-257 

Corona.  133,  134.  Fig.  254,  261 
Coronaneae,  355 

Coronate  pappus,  137.     Fig.  231 
Coronet,  Fig.  330 
Corpuscules,  191.     Fig.  367 
Cortex,   286,   293,   356.       i-ig. 

460.  ^72 
Cortical  layer,  394 
Cortical  tissue,   356.     Fig.    78 

426,  438,  476,  477 
Corylaceae,  379.     Fig.  268,  484, 
Corymb,  123 
Cotton,  409 
Cotyledon,  70,  86,   156,  338,  3< 

97-99, 119,  335,  368,  369,  46X  i 
Covering- leaves,  86 
'Coxcomb,' 3x9 
Crassulaceae,  406.     Fig.  193 
Creeping  root,  75 
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CRE 

Cremocarp,  151,  397.     Fig.  318,  509-512 

Crenate,  99.     Fig.  159 

Crenulate  (finely  crenate). 

Cretaceous  system,  429 

Cross-fertilisation,  185 

Croton-oil,  378 

Cruciferae,  413.     Fig.  195,  200,  204,  232, 

252,  274,  317,  336-339'  527-530 
Cruciform  corolla,  131.     Fig.  252 
Crvunpled  aestivation,  85 
Crumpled  vernation,  86 
Crustaceous  Lichens>  286,  290 
Cryptogamia,  243,  247 
Crystal,  50.     Fig.  48-51,  67 
Crystalloid,  31.     Fig.  52 
Cucurbitaceae,  39^.     Fig.  71 
Culm,  77,  343.     big.  142,  464 
Cuneate,  97.     Fig.  163 
Cup,  Fig.  414 

Cupressioeae,  336.     Fig.  455,  456 
Cupule,  147,  299,  379.    Fig.  303,  349,  485 
Cupuliferae,  378,     Fig.  223^  303,  379 
Currents  of  water^  159 
Cuscuta,  331.     Fig.  378  II, 
Cuspidate,  Z05 
Cuticle,  58.     Fig.  21 
Cutting,  180,  181 
Cyatheaceae,  316.     Fig.  437 
Cycadeae,  246,  333,  373,  420,  423,  426, 

428.     Fig.  453,  54§'546 
Cylindrical,  106.     Fig.  192 
Cyme,  122,  382.    Fig.  226,  227 
Cyperaccae,  345.     Fig,  465-467 
Cypsela,  154.     Fig.  235-239,  327.  5oi, 

503 
Cyst   (a  kind  of  reproductive   cell    in 

certain  Fungi),  Fig.  376 
Cystocarp   (tne   body   which    contains 

the  reproductive  cells  in  certain  Flo- 

rideae),  253 
Cytoblast,  11 
Cystolith,  20,    Fig.  37 


T^APHNALES,  374 

*-^    Darwin,  6,  163 

Daughter-cell,  32 

Deadly  nightshade,  384     Fig.  495 

De  Bary,  6,  283 

De  Candolle,  5,  ar43 

Deciduous,  108,  125,  234 

Decurrent,  92,  94.     Fig.  151,  152 

Decussate,  76,  87,  382.     Fig.  138 

'  D^doublement,  218,  221 

Definite  inflorescence,  124 

Degradation-products,  177 

Dehiscence  by  pores,  141.     Fig.  282,  284 

Dehiscence    by    recurved   vsuves,   141. 

Fig.  281,  283 
Dehiscence  of  capsules,  148.    Fig.  306- 

Dehiscent,  148.     Fig.  306-318 

Deltoid,  105 

Dentate,  98,  127.     Fig.  z68,  172 


EBE 

Denticulate  (finely  dentate). 

Dermatogen,  56,  83  11. 

Desmidieae,  256.     Fig.  383 

Desmodium,  205 

Devonian  system,  420 

Diadelphous,  139,  400.     Fig.  276 

DiatomacesB,  249,  250,  256.  Fig.  38, 
3Ci.  388 

Dichlamydeou»  (applied  to  a  flower 
which  has  both  calyx  and  corolla). 

Dichogamy,  186 

Dichotomous,  76.     Fig.  226,  378  i. 

Dichotomous  cyme,  123.     Fig.  226 

Diclinous.    See  Unisexual 

Dicotyledones,  156,  246,  356,  429 

Dictyogens  (a  term  sometimes  given  to 
those  Monocotyledones  which  have 
net-veined  leaves). 

Didynamous,  138,  380,  382.  Fig.  271, 
273,  490 

Dinusion.     See  Osmose 

Dimorphism,  186 

Dioecious  (living  apart),  zz2,  257,  289 

Dionaea,  203.     Fig,  372 

Dioscorales,  351 

Diascoreaceae,  35  x 

Dioscorides,  3 

Diosmose.    See  Osmose 

Dippel,  6 

Dipsacaceae,  419 

Disc,  (when  applied  to  the  flower,  an 
elevated  portion  of  the  receptacle  be- 
tween the  stamens  and  the  pistil),  8ot 

397,  406.       Fig.   122 

Disciflorae,  406 
Diseases  of  plants,  224 
Dissepiment.    See  Septum 
Drumal  position,  206 
Division,  250,  267,  278 
Dodder.    See  Cuscuta 
Dodonaeus,  3 
Dormant  buds,  83 
Dorsal  suture,  142 
Dorsifixed,  140.     Fig.  282 
Dotted  vessel,  47 

Double  flowers,  141,  2x8,  221.     Fig.  286 
Drosera,  163 

Droseraceae,  406.     Fig.  263,  372 
Drupaceae,  406.     Fig.  325  i. 
Drupe,  152,  406.     Fig.  325 
Drupel  (a  small  drupe).  Fig.  521  il. 
Duct  (an  elongated  dotted  or  pitted  ves- 
sel). 
Duhamel,  6 
Duramen,  367 
'  Dutch  rushes,'  322 
Dwarfing,  217 
Dwarf  imde.    See  Androspore 


'  p  ARLETS '  (peculiar  indentations  in 
■'-'     the  leaves  of  the  Foliose  Hepa- 
ticse),  Fig.  425 
Ebenacese,  387 
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Ebenales,  387 

Edelweiss,  391 

ElacagnaccaB,  374.     Fig.  91 

Elater,  344,  300,  320.     Fag.  433  ui.«  443 

III. 
Electrical  equilibrium,  2x4 
Elementary  organs,  8 
F.leutheropetalous.     See  Apo(>etalous 
Eleutherophyllous.    See  Apophyllous 
Eleutherosepaleus.    See  Aposepalous 
Elliptical,  95.     Fig^  154 
Emarginate,  97.     Fig.  167 
Embryo.  70,   156,   188,    189.  35a.     Fig. 

83   "•.  97.  98.  305*  334-342.  363-365, 

458,  509.  5" 
Embryo-sac,  145,    187.     Fig.  300,  359" 

362,  364,  367 
Embryonic  vesicles,  187.     Fig.  360-363 
Endlicher,  5,  943 

Endocarp,  148.  152,  406.     Fig.  395,  325 
Endogenous  divi»on,  278 
Endogens.    See  Monocotyledones 
Endophyte,  374 
Endosmose,  164 
Endosperm,   156,    190,  414.      Fig.   3051 

333.  363-365,  458,  461  IV.,  509,  SIX 
Endospore,  268,  280.     Fig.  399 
Enfolding  aestivation,  8x.     Fig.  127 
Ensiforni  ^sword-shaped),  94 
Enthophyllocarpi,  308 
Entire,  98,  131 
Entomophilous,  184 
Eocene  system,  429 
Epacrideae,  389 

Epicarp,  148,  406.     Fig.  305,  325 
Epidermal  tissue,  56,  57.    Fig.  80,  83  11., 

426 
Epidermis,  58,  356.     Fig.  21,  64,  80,  85, 

86,  100,  438,  444,  452,  460,  472 
Epigynaj,  355 

Epigynous,  115,  140.     Fi|f.  210,  279 
Epipetalous,  115,  140.     Fig.  271,  272 
Epiphyte,  233,  274 
Equisetaceae,  245,  316,  423.     Fig.  831., 

443-445 
Erect,  X45 

Ergot,  227,  283.     Fig.  375 
Ericaceae,  387.     Fig.  240,  282,  284 
Ericales,  387 
'  Espinillo,'  455 
Eucalyptus,  399,  446 
Euohorbiaceae,  376.     Fig.  46,  76,  482, 

Euphorbiales.  376 
Europaeo-Sibenan  forest-region,  438 
Evergreen,  108 
*  Everlastings,'  391,  445 
Exalbumlnous,  156,  190.  Fig.  97,  336-339 
Excipulum,  288 
Exogens.     See  Dicotyledones 
Exosmose,  164 

Exospore,  267,  280,  320.     Fig.  398 
Extine  (the  outer  of   the  two  coats  of 
the  poUen-grain,  ihTou^\\  v«bicU  the 


FOI* 

inner  coat  or  inline  protnides) 

358,  366 
Extrorse,  141 
Eyes,  80.     Fig.  xx6,  1x7 

PALKLAND  ISLANDS,  461 

■■•       Family,  338 

Farinose,  27 

Fasciation,  219 

Fasciculated  root,  75.     Fig.  106,  i 

*  Favus,'  275 
Feejee  Islands,  459 

Female  (i>),  J12,  183.     Fig.  202,  2 

303,  481  III.-V.,  485  III.,  IV. 

Fennel,  398.     Fig.  507,  509 
Fermentation,  276,  277 
Ferns.     See  Filicee 
Fertile  hyphae,  263 
Fertilisation,   183,   251.       Fig.  36J 
^  366,,  367,  385,  386.  403 
Fertilising  tube,  270.     Fig.  403 
Fibrous  root,  74.     Fig.  105 
Fibrovascular  bundle,  64,  320,  33s 
371.     Fig.  93,  95,  438,  444,  452 

„.472,473 

F icoidales,  398 

Ficoideae,  399 

Fig,  Fig.  ai5 

Filament,    137.     Fig.  267-270,  27s 

281-285 
Filices,  2<5.  308,  420,  423.     Fig.  31 
^,.4^6-442,5^0-542.  544 
tihform,  73,  107,  144.     Fig.  104.  i; 
Filiform  apparatus,  190.     Fig.  361 
Fimbriate,  118,  131.     Fig.  250 
Fission,  250 
Fistulose  (containing  hollow  cham 

107 
Fleshy,  107.     Fig.  192 
Floating  roots,  73 
Floccose   1 10 

*  Floral  clock,'  206 

Floral  diagram,  113.      Fig.  204-2o( 

III.,  468  III.,  487,  489  HI.,  497  II 

II.,  522,  526,  533  II. 
Floral  leaves,  86 
Florets  of  the  disc,  120,  39a    Fig 

244,  492  III. 
Florets  of  the  ray,  120,  390.     Fig 

219,  492  II. 
Flondeae,  249,  253,  259.     Fig.  382. 
Flower,  70,  jio,  183.    Fig.  199-2x4 

490,  ^92-497,  507,  508,  532,  533 
Flowering  plants.     See  Phanerogai 
Flowerless  plants.     See  Cryptogas 

*  Flowers  of  tan,'  199,  284 
Folded  vernation,  85-     Fig.  132 
Foliaceous  Lichens,  286,  290.     Fig 

417 
Fohage-Ieaves,  86,  87, 220.  Fig.  13! 

513 
Foliose  Hepaticae,  2^6,  298.     Fig. 

42s 
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FOL 

Follicle,  149,  414.     Fig.  314,  315,  531  11. 
Foramen.     See  Micropyle 
Formative  tis.sue,  41 
Fossil,  419.     Fig.  534-546 
Fovilla  (the  fluid  contents  of  the  pollen- 
grain). 
Free,  92,     Fig.  154 
Free  cell-formation,  33.     Fig.  55  il. 
Free  central  placentation,  145,  409.  Fig. 

298,,  525 
Freezing,  Effects  of,  211 
Fringed,  131.     Fig,  250 
Frond,  312 
Fruit,  70,  112,  146,  304.     Fig.  305-327, 

481,  483,  485,  501,  504,  509-512.  523  IV. 
Fruticose  Lichens,  286,  290.     Fig.  409, 

4i4»  415 
Fucaceae,  249,  257.     Fig.  387,  389,  390 
Fuchs,  3 
Fumariaceae,  4x4 
Fundamental  tissue,  57,   67,   361.     Fig. 

83  II. 
Fungi,  225,  244,   262.     Fig.  i,  65,  347» 

374-377.  392-408 
Fungus-cellulose,  263 
Funiculus,  144,  154.  Fig.  97,  299, 316,  326 
Furrow,  398.     Fig.  509-512 
Fusiform  (spindle-shaped),  73.     Fig.  »ob 


n  ALAPAGOS  ISLANDS,  460 
^^    Galea,  349 
Galls.  233,  379.     Fig.  379 
Gamopetalae,  380 
Gamopetalous,  129.     Fig.  240-249 
Gamophyllous,  134.     Fig.  207 
Gamosepalous,  124.     Fig.  229,  230 
Gangrene,  224,  233 
*  Garuas,'  453 
Gasteromycetes,  282 
Gelatinous  Lichens,  287,  290.     Fig.  412 
Geminate  (when  two  leaves  spring  from 
the  same  node,  but  are  not  opposite), 

P-  3S4 
Gemmae,   83,    178,    179,   250,    270,   303. 

Fig.  349 

Gemmation,  222,  26X 

Generating  tissue,  41 

Generation,  177 

Gentianaceae,  387 

(jentianales,  385 

(ienus,  238 

Geography  of  plants,  2,  6,  43* 

Geological  systems,  420 

Geotropism  (turning  earthwards),  207 

Geraniaceae,  407.     Fig.  231,  320,  322 

Geraniales,  407 

Germ-cell,  178,  183,  251 

Germinal  vesicles.    See  Embryonic  vesi- 
cles 

Germination,  192.     Fig.  368-370 

Gesneraceae,  382.     Fig.  296 

Gessner.  3      ^ 

Glabrous  (entirely  destitute  of  hairs). 


HER 

I    Gland,  52,  63,  110,  384,  399.     Fig.  265, 
283 
Glandular  hair,  64,  no.     Fig.  92 
Glans,  154.     Fig.  303 
Gleba,  264 
Gleicheniaceae,  3x6 
Globoid,  31 

Globose,  129,  13X.     Fig.  240 
Globule,  293.     Fig.  4^8  iii.,  4x9 
Glomerulus,  123 
Glumaceous,  134 
Glumales.  343,  355 

Glume,  86,  343,  347.     Fig.  46X,  466,  467 
Gnetaceae,  338 
Goeppert,  5,  6,  43X 
Goethe,  6,  220 
Gonidia,  178,  179^  286.     Fig.  409,  41 1- 

413 
Gonidial  layer,.  286.     Fig.  409  11. 

Graft,  180,  X82.     Fi^.  353 

Gramineae,  343.     Fig.  70,  93,  142,  292, 

368,  461-464 
Granulose,  27 
Grasses.    See  Gfamineae 
Gravitation,  215 
Gray,  Asa,  6 
Grew,  5 
Grisebach,  432 
Guard-cell,  58.     Fig.  Z$ 
'Gulf-weed,  254 
Gum,  404,  406 
Gum-passage,  53,  373 
Gutta-percha,  24 
Guttiferae,  409 
Guttiferales,  409 
Gymnocarpous  Lichens,  288 
Gymnospermous  (when  the  ovules  are  not 

enclosed  in  an  ovary),  ^'is-  304,  458 
Gymnosperms,  191,  246,  333 
GymnostomouSy  304 
Gynaeceum,  ixi,  142 
Gynandrous,  140.     Fig.  279,  468  iv. 
Gynobasic,  382.    Fig  290,  490  11. 
Gynostegium,  349.     Fig.  468  iv. 


HAIR,  6r,  X09.     Fig.  87-92 
Hales,  6 
Half-inferior,  xxs 
Hanstein,  6 
Hartig,  6 

Hastate,  96.     Fig.  i6x 
Haustoria,  73,  75,  23X,  281.     Fig.  378 
Head,  295 
Healing-tissue,  43 
Heat,  20&     Fig.  37J 
Heliotropism   (turning  sunwards),   207, 

214 
Hellebore,  415 
Hemlock,  398.     Fig.  5xx 
Henbane,  384.     Fig.  496 
Hepaticae,  244,  296,     Fig.  349,  421-425 
Herbaceous,  77, 107 
Herinaphrodite,  1x2.     Fl^.  aoKi^  lofcr"*^^ 
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Hesperidium,  z^ 

Heteromorous  Lichens,  286,  990.     Fig. 

409,  414.  416 
Heteromorphic  (of  more  than  one  difier- 

cnt  form).  Fig.  177,  195 
Heterophyllous,  107.     Fig.  177,  195 
Heterosporous    Vascular    Cryptogams, 

845,  332 
Heterostylism,  x86.     Fig.  357 
Hildebrand,  6 
Hilum,  146,  154 
Hippocrates,  3 
Hirsute,  no 
Hispid,  113 
Hoffmann,  6 
Hofmeister,  6 

Homftomerous  Lichens,  390.  Fig.  410,412 
Honey-dew,  228 
Honey-gland.    See  Nectary 
Hooded,  131 
Hooker,  6 
Horn,  251 

Hopie-tails.     See  Equisetaceae 
Host.  165,  231,  274.     Fig.  346,  347,  374, 

378     , 
Humboldt,  6,  434 
Hyacinth-pest,  231 
Hybrid,  19^ 
Hydrocyanic  add,  406 
Hydrodictyeae,  256.     Fig.  58 
Hydrogen,  162,  167 
Hydrophyllaceae,  385 
Hydropterides.    See  Rhizocarpeae 
Hylaea,  451 
Hymenial  layer,  288 
Hymenium.  264.     Fig.  393.  398,  413 
Uymenomycetes,  282.     Fig.  392,  393 
Hymenophyllaceae,   316.      Fig.  439  vi., 

VII.,  440  II. 
Hypanthodium,  1x7,     Fig.  215 
Hypericacea;,  40^ 
Hyphae,  262.     Fig.  347 
Hypocrateriform,  129.     Fig.  247 
Hypoderma,  58 

Hypodermiae,  281.  Fig.  375,  406,  407 
Hypogynous,  115, 140.  Fig.  209,  294 
Hypsophyllary  leaves,  86 


•  ICELAND  MOSS,'  287,  290 

■*•     '  Igapo,'  451 
Imbricate,  84,  119.     Fics.  127-131,  219 
Imparipinnate,  loi.     Fig.  184 
Imperfect,  112 

Impregnation.     See  Fertilisation 
Incised,  99,  125.     Fig.  173,  174 
Incompleta£,  374 
Incrustation,  21 

Indefinite  inflorescence,  123,  409 
Indehiscent,  148.     Fig.  305 
Indian  monsoon  region,  442 
Induplicate  xstivation  (folded  in  at  the 

edges),  Fig.  126 
Indusium,  313.     Fig.  439  i.-iv. 


LAB 

Inferior,  114.     Fig.  501 

Infiltration,  21 

Inflated,  107,  125.     Fi|f.  234 

Inflorescence,  116.     Figs.  212-227,  481. 

482,  485.  486.  499 
Infundibuliform     (funnel-shaped),    125, 

129.     Fig.  243 
Ingenhoasz,  6 
Innate.  ^  See  Basifixed 
Innovation,  305 
Inorganic  .substances,  i 
Insertion,  1x4 

Integument,  145,  155.      Fig.  97,  300 
Intercellular  passage,  36 
Intercellular  space,  36.     Fig.  23,  60,  63, 

472  B 
'Intercellular  substance,*  36.     Fig.  57 
Internode,  76.     Fig.  418,  472  b,  504 
Interruptedly^  pinnate,  103.  Fig.  186, 187 
Intioe  (the   inner  of   the  two  coats  0^ 

the    pollen-grain,   the    protru^on    d 

which  constitutes  the  pollen-tube).  Fig. 
,  358,  366 

Introrse,  141.     Fig.  274 
Intussusception,  15,  27,  177 
InuUn,   II.     Fig.  53 
Involucel,  120,  390,  394.     Fig.  221,  506 
Involucre,  87,   rr8,  120,   390,  394.    Fig. 

213.  214,  219,  500 
Involute  vernation,  86.     Fig.  136 
Ipecacuanha,  394 
Irideae,  349.     Fig.  121,  261, 
Iron,  162,  168 
Irregular,  124,  129.     Fig.   230,  231,  246, 

248,  ^^9,  253 
Irritability.     See  Sensitiveness 
Isoetea;,  320,  332.     Fig.  451 
Isosporous  Vascular  Crypt<^ams,  245 

JUAN  FERNANDEZ.  460 

J     Juglandeae,  379 

Jugum,  loi,    398.     Fig.    184,   185,  187, 

309-512 
Jung,  4 

Jungermannieae,  301.     Fig.  423-435 
Jurassic  system,  428 
Jussieu,  5,  243 


t^ALAHARI  REGION,  444 
■'^     Karroo-plain,  445 
Karsten,  6 
Keel.     See  Carina 
Kerguelen's  Land,  461 
Keuper,  426 
Knot,  367 
'  Koa,'  459 


T  ABELLUM,  349.     Fig.  468  i. 

■^    Labiate,  382.     Fig.   230,  248.  267. 

269,  273.  321,  489-492 
Labiatiflorae,  391 
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LAC 

Laciniate,  100.     Fig.  177 

Lamella  (a  thin  plate),  Fig.  392 

Lamiales,  382 

Lamina,   89,    131.      Fig.    142,    147-195, 

250 
Laminarieae,  257,     Fig.  390 
Lanceolate,  94.     Fig.  153 
Lateral,  145.     Fig.  341 
Lateral  dehiscence,  141 
Lateral  ribs,  105 
Lateral  root,  73.     Fig.  99 
Latex,  51,  378,  ^91,  411 
Laticiferous  cell,  51 
Laticiferous  vessel,  51,  341,  368.     Fig. 

51,  76,  77.  476 
Latisept,  413.     Fig.  530  in. 
'  Lattice-plant,'  459 
Latticed  cell,  49 
Lauraceae,  374,  452.     Fig.  283 
Laurales,  374 
Laurentian  system,  420 
Layering,  180 
Leaf,  70,  71,  86,  220,  342,  370.     Fig.  99, 

138-196,  513 
Leaf-cycle,  87 

Leaf-sneath,  82.     Fig.  1^2,  107 
Leaf-spine,  109,  220.     Fig.  152,  172 
Leaf-stalk.     See  Petiole 
Leaf-tendril,  109.     Fig.  146,  514 
Leaf- trace,  360.     Fig.  452 
Legume,  J50,  400.     Fig.  288,  316,  515, 

516  I. 
Leguminosae,  400.     Fig.  97-99,  143,  146, 

182,  184,  185,  212,  253,  276,  288,  316 

334.  514-517 
Lentibulariaceae.     See  Utriculariaceae 
Lenticel,  46 

Lepidodendron,  420.     Fig.  535-537 
Leptothrix,  259,  261.     Fig.  391  ii. 
Liane,  431 
Liber  (the  inner  fibrous  portion  of  the 

bark). 
Libriform  cell,  364 
Lichenes,  244,  215.     Fig.  409-417 
Lichenin,  287,  290 
Light,  211.     Fig.  373 
Lignification,  22 
Lignine,  23 
Lignite,  424,  430 

I  igulate,  129,  390.     Fig.  246,  499  il. 
Ligule,   92,    132,    343.      Fig.    142,   147, 

251,  254 
Liguhflorae,  390 
Liliaceae,  355.     Fig.  112,  287 
Li  iales,  355 
Linaceae,  307 
Lindley,  6,  243 
Linear,  94.     Fig.  147 
Linnaeus,  4,  238,  240 
Linnean  system,  5,  240 
Liquorice,  402 
Litmus,  290 

Liverworts.    See  Hepaticx 
Llanos,  451 


MES 

Lobed,  zoo,  125.     Fig.  279 
Lobelias,  3 

LocuUcidal  dehiscence,  149.     Fig.  307 
Loculus,   140,   144,   148.     Fig.  280-284 

206-298,  519 
Lodicule,  134,  343 
Loganiaceae,  387 
Logwood,  403,  450 
Lomentum,    152,  400,  413.      Fig.    324, 

516  II.,  530  IV. 
Longitudinal     dehiscence,      141.      Fig. 

270^  280 
Longitudinal  section,  69.     Fig.  96 
Longitudinal  tension,  198 
Loranthaceae,  380.     Fig.  378  i. 
Lycopodiaceae,  xiii,  245,  327.     Fig.  450- 

452,  535-539 
Lycopodieae,  327,  332.     Fig.  450  A,  452 
Lyrate,  99.     Fig.  176 
Lythraceae,  399 


TV/TACROSPORANGIUM,    324,  332. 

^l^     Fig.  447,  450 

Macrospore.   245,   306,   324,    332.     Fig" 

,  447»  449-451 

Madagascar,  458 

Madder,  394 

Madeira,  457 

Magnesian  limestone,  426 

Magnesium,  162 

Magnoliaceae,  416.     Fig.  314 

Male  (<J),  112,  183,  251.     Fig.  201,   260, 

431,  457.  481,  482,  485 
Malpighi,  5 
Malpighiaceae,  407 
Malvaceaj,  407.     Fig.  275,  323,  523 
Mai  vales,  407 
*  Mammoth-tree,'  236,  449 
Mangrove,  75,  442 
Manna,  290 
Manometer,  Fig.  343 
Manubrium,  295 
Manuies,  170 
Marattiaceae,  3x6 
Marcescent,  183 

Marchantieae,  30Z.  Fig.  349,  422 
M'arsileaceae,  327.  Fig.  448,  449 
Martins,  6 

Ma.scarene  Islands,  459 
Matthioli,  3 

Mediterranean  region,  ^40 
Medulla,  286,  301.     Fig.  409.   Also  see 

Pith 
Medullary  rays,  68,  357,  362.     Fig.  66, 

95.  472  B 
Medullary  sheath,  366.     Fig.  478 
Melastomaceae,  399 
Meliaceae,  407 

Menispermaceae,  4x6.     Fig.  341 
Mericarp,  151,  397.     Fig.  319-323,  509 
Meristem,  41 
Mesembr^jithemaceae,  ^<y).    ¥>%>  "m-c^ 
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Mesocarp,  148,  153,  406.     Fig.  305,  335, 

Mesophyll,  223,  342 

M  esozoic  strata,  ^36 

Meumorphosis  of  organs,.220 

Metastasis,  161,  176 

Mexican  region,  449 

'  Mezquit,'  449 

Microoacteria,  260 

Micropyle,  145.     Fig.  300 

Microsporangium,   324,  333.     Fig.  447, 

Microspore,  845,   306,   334,   332.      Fig. 

f 47.  449-451 
Mid-rib,  105 
Migration  of  plants,  433 
Mifde.  6 
Mildew.  326,  281 
Mimosa.    See  Sensitive  plant 
Mimoses,  403,  448.     Fig.  143,  5x7 
Miocene  system.  430 
Mistletoe.  231.     Fig.  378  i. 
Mitraeform  corolla,  133.     Fig.  257     . 
Mohl,  5 
Molecule,  158 

Monadelphous,  139,  400.     Fig.  375,  533 
Monimiaceae,  374 
'  Monkey-pot,  399 
Monkshood,  415.     Fig.  533 
Monocarpellary,  142.  Fig.  288, 316, 323 1. 
Monocarpic,  235 
Monochlamydeae.  374 
Monochlamydeous  (applied  to  a  flower 

which  has  a  calyx  but  no  corolla).  Fig. 

207.  259 
Monocotyledones,  ix.,  156,  246,  338,  428. 

Pig.  95.  30s,  460 
Monocotyledonous  (applied  to  an  embryo 

which  has  only  one  cotyledon). 
Monoecious  (living  together),  112,  357, 

289 
'  Monopetalous.'    See  Gamopetalous 
'  Monophyllous.'    See  Gamophyllous 
'Monosepalous.'    ^^^  Gamosepalous 
Monotropaceae,  388 
Moraceae,  374.     Fig.  302 
Morphology,  i,  69 
Mosses.     See  Musci  • 

Mother-cell,  ^2.     Fig.  83  I.,  85,  385,  442 
'  Mother  of  vinegar,'  276 
Motility  of  protoplasm,  10,  199,  210 
Mould-fungi,  262,  279,  281.     Fig.  i,  396 
Movement  of  water  in  plants,  159 
Movement,  Phenomena  of,  195 
Mucilage,    Conversion    into,     23,     249. 

Fig.  39 
Mucor,  279,  280 

Mucorini,  271,  281.^    Fig.  i,  396,  404 
Mucronate,  97.     Fig.  166 
Mulberry,  Fig.  302 
Multifid,  125 

Multiplication  of  cells,  32 
Musaceae,  ^48 
Muschelkaik,  426 


OCE 

Musci,  244,  301.     Fig.  436-435 

Muscinea&,  244 

Mushroom,  282.     Fig.  ^93 

Mycelium,  263,  279.     Fig.  392,  398, 453 

Mycod^rma,  276 

Myricaceae,  376 

Myristicaceae,  374 

Myrsinaceae,  387 

Myrtaceae,  399,  446 

Myrtales,  399 

Myxomycetes,  283 

TSJAGELI,  6 

"•-^     Naiadeae,  351 

Naked,  118,  390.     Fig.  304 

Napiform  (tumip-shapedX  73.     Kg.  103 

Narcissales,  349 

Nardoo,  327 

Natural  systems,  339,  243 

Neck,  Fig.  422 

Neck-cell,  191 

Nectary,  S3,  X3S.     Fig.  231,  266,  533 

Negative  heliotropism,  207 

Nepenthes,  163.     Fig.  193 

Net-veined,  loSS.     Fig.  181,  191 

Neuter,  ii3w     Fig.  203 

New  Caledonia,  459 

New  red  sandstone,  425 

New  Zealand,  460 

Nightshade,  384.    Fig.  495 

Nitella,  294.     Fig.  371  i.,  420 

Nitrogen,  162,  168 

Nocturnal  position,  206 

Node,  76.     Fig.  142,  211,  418,  504 

Norfolk  Island,  460 

Normal  root,  75.     Fig.  ior-104 

North  American  forest-region,  446 

Nosologfy,  216 

Nostocaceae,  249,  25^ 

Notorhizal,  157.     Fig.  337 

Nucleolus,  II.     Fig.  2,  3 

Nucleus,  8,  II,  145,  156.     Fig.  2,  3,  300 

360,  422 
Nucule,  152,  293,  384.    Fig.  321,  418  iii., 

419,  490 
Nudiflorae,  355 
Nut,  154.     Fig.  48s  V. 
Nutation,  201 

Nutrient  substances,  xiii.,  162 
Nutrition  of  plants,  162 
Nyctaeineae,  374.     Fig.  342 
Nympnaeaceae,  416.     Fig.  365 

rVAK-APPLE,  Fig.379 
>^    Oak-gall,  235.     Fig.  379 
Oak-spangle,  235 
Oases,  443 

Obcordatc,  95,  97,  131.     Fig.  157 
Oblique  section,  69.     Fig,  96 
Obovate,  95 

Obsolete,  116,  395.     Fig.  507 
\    Oceanic  islands,  457 
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OCH 

Ochrca,  po 

aCdogoniea,  259.     Fig  371  H-i  385 

Oidium,  228,  274.     Fig.  376,  377 

Oil,  24,  176,  384 

Oil-gland,  53 

Oil-passage,  52 

.Oleaceae,  387.     Fig.  247,  299 

Onagraceae,  399.     Fig.  330 

Onygenei,  282 

Ooeonium,  251,  270.     Fig.  385,  403 

Oohte,  428    ■ 

Oosphere,  178,  183,  192,  251,  270,  299. 

Fig.  38s.  422 
Oospore,  250,  270,  271.     Jig.  449 
Oi)en  bundle,  64 

Operculum,  245,  304.     Fig.  433,  435 
Ophioglossaceae,  245,  322.     Fig.  446 
Opium,  411 
Opposite,   76,   87,   158,  409.     Fig.   138, 

150.  J41 
Orbicular,  95.     Fig.  155 
Orchidales,  348 

Orchideae,  348.     Fig.  X19,  x2o,  468 
Order,  238 

Organic  substances,  x 
Orobanchaceae,  232,  382.     Fig.  346 
Orthoplozic,  157.     Fig.  338 
Orthospermae,  398.     Fig.  510 
Orthotropous,  145,  336.     Fig.  w  i.,  359 
Oscillatorieae    (a  group  of  filamentous 

Al^ae,  distinguished  by  the  peculiar 

oscillating  motion  of  the  filaments),  255 
Oftmose,  160,  163, 176.     Fig.  344 
Osmundaceae,  316.     Fig.  440  iii. 
Oval,  95.     Fig.  154 
Ovary,   142.      Fig.    287,    290-292,  359, 

481  v.,  524  11. 
Ovate,  95.     Fig.  168 
Overgrowth,  46.     Fig.  68 
Ovule,  144,  183.    Fig.  297,  99%  300.  359. 

360,  458 
Oxygen,  162,  167 


pAL^OPHYTOLOGY,  2,  6,  417 

*■       Palaeozoic  rocks,  420 

Palate,  130.     Fig.  249 

Paleaceous,  118,  390.     Fig.  218 

Paleae.   61,  86.   118,  134,  312,  343,  347. 

Fig.  461,  463 
Palmae,  351,  451.  452.     Fig.  95,  305,  469, 

471 
Palmales,  351 
Palmate,  99.     Fig.  181 
Palmate  tuber.  Fig.  120 
Palmatifid,  99 
Palmatilobed,  100 
Palmatipartite,  99.     Fig.  183 
Palmatisect,  99.     Fig[.  173 
Palmellaceae  (a    family  of    Unicellular 

Aljjae),  Fig.  59 
Palmet,  445 

Palminerved,  105.     Fig.  x8x,  X9X 
Pampas  region,  454 


PER 

Pandanaceae,  355 

Panicle,  122 

*  Pantanals,'  453 

Papaveraceae,  4x1.     Fig.   233,  294,  313, 

526 
Papilionaceae,  40a   Fig.  97-99,  146,  253, 

276,  288,  3x6,  324.  5x4-5*6 
Papilionaceous  corolla,  131,  40a     Fig. 

253,  5x4 
Papilla,  326.     Fig.  84,  295,  449  i. 
Papillose,  144.     Fig.  295 
Pappus,  127,  39a       Fig.   235-239,   499, 

502 
Paracorolla.    See  Corona 
Parallel-veined,  105,  106.     Fi^.  108 
Paraphyses,  268,  288,  304.     Fig.  399  li. 
Para.<«ite,  165,  225,  231,  274,  289.     Fig. 

346,  347.  374.  378 
Paratonic  curvature,  207,  214 
Parenchyma,  39,  364,  366.     Fig.  25,  51, 


60-63,  67,  86,  93.  J:26,  472,  475-477 
arietal 
526  I. 


Parietal,  145 


80,  93,  420, 
,  41X.  Fig. 


296,    326,   468   Ill.y 


Parietales,  41  x 

Paripinnate,  lox.     Fig.  185. 

Passage,  52.     Fig.  78,  79 

Passinoraceae,  399 

Passiflorales,  3^9 

Pasteur's  solution,  278 

Payer,  6 

Peat,  424 

Peat-moss,  424 

Pedatfe,  loi.     Fig.  183 

Pedatinerved,  105.     Fig.  X83 

Pedicel,  116.     Fig.  225 

Pedicellate,  xio.     Fig.  200 

Peduncle,  xi6.     Fig.  221,  225 

Peloria,  223 

Peltate  (shield-shaped,  and  attached  by 

the  centre),  63,  97,   1x0,144.     Fig.  91, 

X.62,  294,  313,  4391.,  443"- 
Peltinerved,  105.     Fig.  162 
Pendulous,  X45 
Penicillate,  X44.     Fig.  2^x 
Penicillium,  7,  279.     Fig  x 
Pepo,  15^ 
Perennial,  76 
Perfect,  112 

Perfoliate,  93.     Fig.  149 
Perforated,  107.     Fig.  194 
Perianth,  ixo,  ixx,  133.     Fig.  2x5,  258- 

26X 
Periblem,  56 
Pericarp,  148.     Fig.   97,  305,   316,   326, 

Perichaetium,  300 

Periderm,  44.     Fig.  67 

Peridium,  264.     Fig.  394 

Perigonium,  304.     Fig.  427  iv. 

Perigynium,  X34 

Perigfynous,    xis,   14a     Fig.    207,    208, 

256 
Periodical  movements,  206,  2x0 
Peripheric,  158.    Fig.  3^0,  -»»«»•». 
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PES 

Pcrisperm,  19a  Fig.  365 
Peristome,  304.  Fig.  430 
Perithecium,  266,   a68,   a7i«   383.     Fig. 

395 
Permanent  tissue,  41 
Permian  system,  435 
Peronosporeae,  330,  270,  381.     Fig.  377, 

400 
Persistent,  136,  134.     Fig.  334 
Personales,  380 
Personate,  130.     Fig.  349 
Peruvian  bark.     See  Cinchona 
Petal,  128.  220.     Fig,  250-353,  263,  386, 

533 
Petaloid,  134,  144.     Fig.  361,  293 
Petiolate,  9a     tig.  148,  154-162 
Petiole,  89,  90.     Fig.  148,  154-163 
Petiolule,  94 

Phanerogamic,  67,  243,  333 
Phascacez,  306 
Phlo€m.     See  Bast 
Phosphoric  acid,  169 
Phosphorus,  162 
Phycomyceles,  262,  c8o 
Phylloclade,  78.   Fig.  112 
Phyllode.  218.     Fig.  143 
Phyllotaxis,  87 
Physiology,  2,  6,  158 
Phytolaccacez,  374 
Pictorial  Lichens,  286,   290.     Fig.   4x0, 

4" 
Pileus,  264.     Fig.  392,  393 
Pilose,  X27.     Fig.  235,  236 
Pinna,  104.     Fig.  184-190,  436,  439 
Pinnate,  100.     Fig.  184-187 
Pinnatifid,  99 

Pinnatinerved,  105.     Fig.  163 
Pinnatipartite.  99 
Ptnnatisect,  99.     Fig.  174 
Pinnule,  104.     Fig.  188-190 
Piperaceae,  378 
Piperales,  378 
Pistil,  III,  142.     Fig.  200,  202,  215,  265, 

287-299,  322,  502 
Pistillate.    See  Female 
Pitcher,  91,  107.     Fig.  193 
Pith,  67.    Fig.  19,  95,  100,  352,  368,  472  B, 

A77,  478 
Pitted,  118 

Pitted  canal.     See  Pore-canal 
Pitted  cell,  20,  372.     Fig.  27,  35,  70 
Pitted  vessel,  67,  366.     Fig.  93,  478 
Placenta,  144.     Fig.  296-298,  316,  326 
Plasmodium,  199,  284 
Platanacex,  376 
Pleistocene  formation,  431 
Plerome,  57 

Pleurocarpi,  308.     Fi^.  434,  435 
Pleurorhizal,  157      Fig.  ^36 
Plicate  vernation,  85.     Fig.  133 
Pliny,  3 

Pliocene  system,  430 
Plum-disease,  229 
Plumbagineae,  387.    Fig.  295 


PRO 

Plumose,  127,  144.     Fig.  237,  238,  393 
Plumule,  71.  76,  156,   194.     Fig.   97,  98. 
368,  461  IV. 

*  Pocket/  339 
'  Pod,'  329 

Polemoniaceae,  385.     Fig.  39 
Polemoniales,  384 

Pollen,  1x2,  X38,  140,  183.     Fig.  355 
Pollen-grain,   Fig.  355.  358,    359,   366, 

367 
PoUen-tube,  187.      Fig.    358,  359,  361, 

362,  364,  366,  367 
Pollination,  184 

Pollinium,  141,  349.     Fig.  355  e,  468 
Pollinodium,    y,  383 
Polyadelphous,  139.     Fig.  377 
Polycarpellary,  X43.     Fig.  323,  525 
Polycarpic,  235 
Polygalaceae,  41  z 
Polygalales,  410 
Polygamous,  113 

Polygonaceae,  374.     Fig.  258,  359 
Polymorph/,  272 
'  Polypetalous.     ^^^  Apopctalous 

*  Polyphyllous.'    See  Apophyllous 
Polypodiaceae,  316.    Fig.  439  i.-v.,  440 1. 
'  Polysepalous.'    See  Aposepalous 
Pome,  147,  404.     Fig.  519 

Pomes,  404.     Fig.  518,  519 
Pore-canal.  19.     Fig.  19,  20,^  22-35,  V 
Pore-capsule  (a  capsule  which  dehisces 

by  pores  at  or  near  its  apex).  Fig. 

313 
Portulacaceae,  410 
Positive  heliotropism,  207 
Post-pliocene  formation,  431 
Potamales,  351 
Potameae,  351 
Potassium,*  xiii.,  x 62,  169 
Potato,  384.     Fig.  42,  X16,  ^97 
Potato-disease,  230,  281.     Fig.  377 
Practical  botany,  2 
Prairie  region,  448 
Prickle,  63,  X09.     Fig.  90,  198 
Prie.stley,  6 

Primary  cell-wall,  15.     Fig.  19,  20 
Primary  cortex,  64,  357 
Primary  meristem,  41 
Primary  rocks,  420 
Primary  root,  73.     Fig.  99,  102-104 
Primary  stem,  76^ 
Primine,  X45.     Fig.  300 
Primordial  cell,  10,  12,  199,  262 
Primordial  utricle,  9 
Primulacea;,   387.     Fig.    138,   298,  306, 

3" 
Pnmulales,  387 

Pringsheim,  6 

Procambium,  43,  57,  64.     Fig.  83  11. 

Pro-embryo,    189,    192.   244,   30a     Tig. 

4x8  II..  449,  45X  IV. 

Progressive  metamorphosis,  222 

Prolification,  222,  305.     Fig.  427  iv. 
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PRO 

Promycelium,  269 

Prosenchyma,  39,  364 

Prosenchymatous  cell,  309,  34?,  364, 
368.     Fig.  14,  15,  26,  27,  438 

Protandrous  {protos,  first),  186 

Proteaceae,  374 

Proteinaceous  substances.  See  Albumi- 
noids 

Protein-crystal.       See  Crystalloid 

Prothallium,  305,  315.     Fig.   441,   442, 

44$ 
Protista,  260 

Protococcus,  256,  261 

Protogynous,  186 

Protomycetes,  282 

Protonema,  305 

Protoplasm,  8.     Fig.  2,  3,  q6i,  401 

Pseudo-bulb  (pseudos,  false),  349 

Pseudocarp,  121,    127,    146,    404,    405. 

Fig.  301,  302.  519 

Pseudo-parenchyma,  40,  248,  262.     Fig. 

393 
Pseudo-syncarp,  147.     Fig.  302 
Pubescent,  no 

Puccinia,  273,  274.     Fig.  406,  407 
Pulvinus,  90 
*  Punctum  vegetationis. '     See  Growing 

point 
Putamen,  152,  406.     Fig.  325 
Putrefaction,  259 
Pycnidium,  268 
Pyrene,  153 

Pyrenomycetes,  274.  283 
Pyrolaceae,  388.     Fig.  334 
Pyxis,  149.     Fig.  311,  312,  496  III. 


QUADRILOCULAR,  6 
Quernales,  378 
Quincuncial,  84.     Fig.  130 
Quinine,  394 
Quinquelocular,  144 
Quinquepinnate,  104 


TJABENHORST,  6 

•'^    Race,  237 

Raceme,  121.     Fig.  225 

Rachis,  loi,  116 

Radical  leaves,  107 

Radicle,  156,  193.     Fig.  97,  98,  368,  461 

IV. 

RafHesiaceae,  378 

Panales,  414 

Ranunculaceae,  414.     Fig.  206,  209,  266, 

^315.  531-533 

Raphe,  146.     Fig.  300 

Raphides,  30,  168.     F  ig.  50,  75 

Ray,  6 

Rayed,  120,  395.     Fig.  215,  508 

Receptacle,  114,  263,  390.    Fig.  213-218, 

^  375.  392-394.  399.  450,  498 
Receptacle  for  sap,  52 

*  Red  snow,'  209 


RUT 

Reduplicate  aestivation  (folded  out  at  the 

edges).  Fig.  125 
Regions  of  vegetation,  434,  437 
Regular,  124,  129.     Fig.   229,   24o-245« 

,  493-494 

Reindeer  moss,'  290 
Rejuvenescence  of  cells,  32 
Renewal  of  cells,  32 

Reniform  (kidney-shaped),  96.    Fig.  159 
Repand,  99 

Replum,  151,  413.     Fig.  317,  530 
Reproduction,  177 
Reproductive  cells,  177 
Resedaceae,  414 
Reserve-materials,  159,  172 
Reservoir  of  reserve-materials,  174 
Resin,  24,  176,  338,  398 
Resin-gland,  53.     Fig.  80 
Resin-passage,  52.     Fig.  78,  79 
Resorption,  23 
Respiration,  167 
Resting-spore,  178,  252,  256,  269 
ReticuUte  cell,  -20.     Fig.  28 
Reticulate  vernation,  106.     Fig.  i8i»  191 
Reticulate  vessel,  47.     Fig.  1 00 
Retrogressive  metamorphosis,  220 
Re  volute,  105 

Revolute  vernation,  85.     Fig.  135 
Rhamnaceae,  407.     Fig.  205,  208 
'  Rhinoceros- bush,*  445 
Rhizine,  286 

Rhizocarpeae,  245,  324.     Fig.  447-449 
Rhizoid,  294,  297,  315.     Fig.  441  in. 
Rhizome,  79.     Fif.  jo8,   115,  436,  438, 

443  I.,  444 
Rhizophoraceae,  399 
Rhomboidal,  96 
Riccieae,  300 

Ridges,  398.     Fi^.  509-512 
Ringent,  130.     l-ig.  248 
Roggefeld,  445 

Root,  70,  71,  72, 342, 369.  Fig.  99-107,  477 
Root-cap,  72,  370.     hig.  83  11.,  100 
Root-hair,  61,  75.     Fig.  345,  443  iv. 
Root-pressure,  161 
Root-sheath,  67.     Fig.  94 
Root-stock.     See  Rhizome 
Rosaceae,  404.     Fig.   191,  198,  228,  256, 

301,  323  I.,  518-522 
Rosaceous  corolla,  133.     Fig.  256 
Rosales,  399 
Rose-gall,  233 
Roseae,   405.      Fig.  198,  228,   256,   301, 

520-522 
Rostellum,  349.     Fig.  468 
Rotate,  125,  129,  131.     Fig.  245 
Rotation  of  crops,  171 
Rotation  of  protoplasm,  lo,  295 
Pubiaceae,  392.     Fig.  139,  304,  503 
Rubiales,  392 
Runcinate,  99.     Fig.  175 
Runner,  77,  180 
Rust.  226,  273 
Rutaceae,  407.     Fig.  277 
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SAC 

C  ACCATE,  125.    Fig.  aw 

*^    Saccharomyces.    3>r  lorula 

Sachs,  6 

Sagittate,  96,    Fig.  z6o 

5*ffO'  336,  354.  373 
Sahara,  443 
St.  Helena,  458 
St.  Hilaire,  6 
.Salicaceae  375.     Fig.  481 
Salicine,  175 

•  Salinas,  455 

Salviniacez,  337.     Fig.  447 
Samara,  154.     Fig.  319, 480 
Sandwich  Islands,  459 
Santalaceae,  380 
Santalales,  379 

Sap,  Circulation  of,  175 

Sapindaceae,  407.     Fig.  319 

Sapindales,  406 

Saprolegnieae,  270,  281.     Fig.  401,  403 

Saprophyte,  87,  165,  274,  275 

Sarcocarp,  148,  152,  ao6.     Fig.  305,  325 

Saxifragaceae,  406.     Fig.  225,  326 

Scabrous,  99 

Scalariform  cell,  20,  310.     Fig.  36 

Scalariform  vessel,   47,  310,   366.      Fig. 

Sc^e,  63,  81,  xxo.    Fig.  91, 121,  263,  304, 

443  "•,  458 
Scale-leaf,  87,  220  ^ 
Scaly,  81,  T34.     Fig.  122 
Scandent,  79 
Scape,  77.     Fig.  108,  121 
Scattered,  76,  87 
Schacht,  5 
Schizzaceae,  316 
Schizocarp,  151.     Fig.  318-323,  523  iv., 

5301- 
Schizocarpi.     See  Andreaeaceae 
Schizomycetes,  259.     Fig.  391 
Schleiden,  5 
Schwendener,  6 

*  Sclerolium,'   227,  263.  283,  284.     Fig. 

375 
Scorpioid  cyme.  123.     Fig,  227 

Scrophulariaceae,  '381.     Fig.    249,   297, 

486-488 
Scutellum,  345.     Fig.  361  iv. 
Secondary  cortex,  357 
Secondary  embryo-sac.     See  Corpascule 
Secondary  medullary  rays,  363 
Secondary  products  of  metastasis,  176 
Secondary  root,  73.     Fig.  99,  loi 
Secondary  stem,  76 
Secondary  strata,  426 
Secretional  diseases,  224 
Section,  69,  238,     Fig.  96 
Secund  (when  all   the  flowers  or  other 

organs  grow    from    one  side    of   the 

rachis).  Fig.  108,  227 
Secundine,  145.     Fie.  300 
Seed,  70,  112,  154.    Pig.  97,  98,  316,  317, 

326,    365,    368-370,    458,   461    IV.,  462, 

481  VII.,  532  I. 


SPH 

Seed-leafl    See  Cotyledon 

Seiaginelleae,  337,  332.     Fig.  450  B 

'Selective  power,*  170 

Self-fertilisation,  185 

Senna,  402 

Sensitive  plant,  202,  403.     Fig.  517 

Sensitiveness,  302,  314 

Sepal,  124,  220.     Fig.  328-233 

Scpaloid,  133.     Fig.  258-360 

Septated  wood-cell,  366 

Septicidal,  149.     Fif.  308 

Septifragal,  149.     Fig.  309 

Septum  (the  wall  between  two  adja- 
cent loculi  of  an  ovary  or  fruit).  Fig. 
307-310 

Senes,  238 

Serrate,  98.     Fig.  169 

Serrulate  (finely  serrate). 

Sesamaceae,  382 

Sessile,  xio,  127,    138,    144,   154.    Fig. 

„  235»  237.  238,  27  r,  279,  398 

Seta,  300.     Fig.  427  i. 

Setose,  xio,  118.     Fig.  2x7 

Sheath,  316.     Fig.  443  i. 

Shell-lac,  378 

Shells,  Formation  of.  x6.     Fig.  20 

Shield,  295.     Fig.  418  in. 

Shrub,  76 

Sieve-disc,  48.     Fig.  72-74 

Sieve-tube,  48,  368.     Fig.  67,  71,  72, 74. 

9? 
Sigillaria,  420.     Fig  538,  539 
Silica,  X69,  249,  321 

Silicula,  X5X,  413.     Fig.  3x7,  530  n.  in. 
Siliqua,  151,  413.     Fig.  526,  528 
Silky,  no 

Silurian  sjrstem,  420 
'Silver-grain,'  363.     Fig.  474,  475,  479 
Simarubaceae,  407 
Simple,  94,  I20 
Sinuate,  100.     Fig.  z8o 
Siphoneae,  257.     Fig.  81,  380,  384 
Slit,  100 
Smut,  226,  28X 
Sodium,  162. 
Soft  bast,  50,  66 
Solanaceae,   384.      Fig.    116,    234,    31 

493-497    ^ 
Solitary,  1x6 

Soredium,  287.     Fig.  409 
Sorus,  312,  324.     Fig.  439 
Spadix,  X2I,  354 
Spathe,  86,  X2x,  351,  354 
Spathulate,  97,     Fig.  165 
Species,  194,  237 
Sperm-cell,  251 

Spermatia,  v,  273,  a88.     Fig.  405,  406 
Spermatozoid.     See  Antherozoid 
Spermogonium,  372,  28x,  388.     Fig.  406. 

415 
Spnaerobacteria,  360 

Sphagnacea:,  301,  306,  434.     Fig.  426  i., 

431 
Sphere-crystal,  31.     Fig.  53 
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SPI 

Spike,  1 20.     Fig.  222 

Spikelet,  121.     Fig.  461  i. 

Spine,  109,  217.     Fig.  197 

Spiny,  99.     Fig.  152,  172,  184,  333,  510 

Spiral  cell,  20.     Fia  m,  30,  33 

Spiral  embryo,  157?   Fig.  339 

Spiral  vessel,  47.     Fig.  93,  100,  478 

Sporangiole,  273 

Sporangiophore,  273   280 

Sporangium,  178,  266,  280,  304  312,  324. 

Fig.  394.  396,  427.  429*  433.  439.  440» 

443.  446,  450 
Spore,  178,  266,  279.     Fig..  376,  377,  393, 

394,  396-398,  418  II.,  441  1. 
Spore  sac.     See  Ascus 
Sporidesmium,  267.     Fig.  397 
Sporidium,  269.     Fig.  407 
Sporocarp.vii,  324.     Fig.  447,  448 
Sporogonium,  244,  299,  304.     Fig-.  421, 

427,  431 
Sprengel,  6 

Spur,  135,  136.     Fig.  231,  264,  266 
Spurred,  125,  130.     Fig.  231,  264,  266 
*  Spurred  rye.'    See  Ei^oc 
Squamose  bulb,  82.     Fig.  122 
Stag's  horn  moss.    See  Club-moss 
Stamen,  iii,  137,  220.     Fig.  201,  207- 

211,  265-286,  4W,  A91,  524,  529 
Staminate.    See  Male 
Staminode,  135,  137.     Fig.  262 
Standard.     See  Vexillum 
Starch,  26,  173.     Fig.  42-46 
Stegocarpi.     See  Bryaceae 
Stellatae,  393.     Fig.  139,  504 
Stellate  parenchyma,  40.     It'yg.  63 
Stem,  70,  71,  75.     Fi^.  108-122 
Stem-tendril,  109.     l?ig.  196 
Steppe -region,  441 
Sterculiaceae,  4cx) 
Sterigma,  267.     Fig.  398  ill. 
Stigma,  142,  143.      Fig.  211,  287,  290- 

295,  359,  461,  468 
Stigmaria,  422 

Stinging  hair,  63,  no.     Fig,  88 
Stipella,  92,  400 
Stipes  (in  Basidiomycetous  Fungi,   the 

stalk  of  the  pileus).  Fig.  392,  393 
Stipitate  (stalked),  127.     Fig.  236 
Stipule,  91.     Fig.  144-146,  154,  182, 184, 

185,  187,  514 
Stolon  (a  shoot  which,  after  appearing 

above  the  surface,  afterwards  strikes 

down  into  the  soil,  and  roots),  305 
Stoma,  58,  161,  304,  320.     Fig.  "Ss,  86, 

430,  444,  460 
Stone-fruit.     See  Drupe 
Stratification,  417 
Stratified  Lichens,  286.     Fig.  409,  414- 

416 
Strawberry,  146,  405.     Fig.  301 
'  Streaming '  of  protoplasm,  199 
Striation,  16.     Fig.  26 
Strobilus,  121 
Stroma^  263 


TER 

Strophiole,  155 

Style,  142,  143.     Fig.  287,  290,  291 

Stylopode,  397.     Fig.  507  11. 

Stylospore,  268 

Styraceae,  387 

Suber.    See  Cork 

Subfamily,  239 

Subkingdom,  238 

Subrotund  (nearly  round),  95 

Subsidiary  organs,  108,  134 

Subspecies,  237 

Subtribe,  239 

Subulate,  105 

Subvariety,  237 

Succession  of  crops,  170 

Succulent,  107,  134.     Fig.  192,  302,  326 

Suction,  160 

Sudan,  443 

Suffiruticose,  77 

Sugar,  345 

Sulphur,  162,  168 

'  Sulphur-rain,'  184 

Sunflower,  391 

Superior,  114 

Supradecompound,  103.     Fig.  z88'X9o 

Suspensor,  189,  332.     Fig.  83  11.,  363 

Sutural  dehiscence,  149 

Suture,  142 

*  Swarming,*  10 

Swarmspore,  178,  200, 250,  268.  Fig.  82, 
385,  400, 401 

Symmetrical,  124,  129 

Sympetalous.     See  Gamopetalous 

Symphyllous.     See  Gamophyllous 

Sympodium,  76,  122 

Syncarp,  146 

Syncarpous  (applied  to  an  ovary  or  fruit 
the  carpels  of  which  are  closely  cohe- 
rent), Fig.  313,  320,  323,  326 

Syngenesious,  140,  390.    Fig.  278,  499  iii. 

Synsepalous.    See  Gamosepalous 


nPABERNiEMONTANUS,  4 
■*■      Tamarind,  402 
Tangential  section,  69.    Fig.  96 
Tannin,  379 
Tap-root,  73.     Fig.  101 
Tapioca,  378 

Taxineae,  337.     Fig.  328,  457 
Teeth,  149.     Fig,  306,  525  i. 
Tegmen,  155 

'  Tela  contexta,'  39.     Fig.  65 
'  Telegraph-plant,'  205 
Teleutospore.    See  Resting-spore 
Temperature,  208 
Tendril,  108,  203,  400.     Fig.   146,  196, 

Tension  of  tissues,  176,  197 
Teratology,  216 
Terebinthaceae,  407 
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TER 

Terpinnate,  104.     Fig.  189 
'rertiary  rocks,  4ao 
Testa,  70.   »55.     F»«-  97, 

.165.  36Q,  .^70.  461  IV. 
Tetradynamous,    138,    413.      Fig.   aoo, 

274,  52Q 
Tetraspore,  178,  250.     Fig.  382 
Thalamiflorae.  407 

Thalamifloral  corolla,  114.     Fig.  209 
Thalamus  (the  receptacle  of  a  flower,  or 

part  to  which  the  other  organs  are  at- 

tached),  Fig.  209 
Thalloid  Hepatica;,  296,  298.     Fig*  349^ 

421,  422 
Thallophytes.  69,  2^ 
Thallus,  69,  285.     \  ig.  389, 409, 4x4,  415, 

418,  421,  422 
Theca  (repository  or  urn),  268,  304.    Fig. 

399.  427,  429,  430,  433 
Thecaspore.    See  Ascospore 
Theophrastus,  3 

ITiickening-layer,  15.     Fig.  10-21 
Thickenine-ring,  43.     Fig.  460,  472  B 
Thorn-apple,  384.     Fig.  310,  494 
Thymelaeaces,  374.     Fig.  207 
Thyrse,  122 
Tiliacex,  409 
Tissue,  37 

Tobacco,  384.     Fig.  493 
I'omato,  384 
Tomentose,  no 

Toothed,  125,  1^1.    Fig.  230^  arso 
Torn  la,  277.     Fig.  402 
Toumefort,  4 

Tracheide,  20,  367.     Fig.  35 
Transition  from  stamens  to  petals,  141, 

221.     Fig.  286 
Transpiration,  160 
Transverse  dehiscence,  141,   149.     Fig. 

31X,  312,  496  III. 
Transverse  section,  69.     Fig.  96 
Transverse  tension,  198 
*  Traveller's  tree,'  459 
Tree,  76 

Tree-fern,  Fig.  437 
Tremellini,  282 
Triangular,  95.     Fig.  158 
Triassic  system,  426.     Fig.  543-546 
Tribe,  238 

Tricarpellary,  142.     Fig.  289 
Trichogyne,  253,     Fig.  386 
Trichome,  61 
Trifid,  100,  125 
Trifoliolate,  loi.     Fig.  182 
Trilobed,  100.     Fig.  179 
Trimorphism,  186 
Trisepsuous,  125 
Tropical  Andaean  region,  453 
Truffle.  Fig.  394 
Truncate,  97 
Trunk,  76 

Tuber,  79.     Fig.  116-120,  443  iv. 
Tuberaceae,  282.     Fig.  394 
Tuberous  root,  74.     Fig.  106,  107 


VEL 

Tubular,  125,  129,  390.     Fig.  244,  499, 

501 
Tubuliflorae,  391.     Fig.  499,  500 
*Tundnm,'  437 

Tunicated  bulbs,  82.     Fig.  122 
Turbinate,  125.     Fig.  229  i. 
Turgidity,  198 
Twining-stem,  201.     Fig.  113,  114 

TJLMACEiE,  374.     Fig  259 

Umbel,   120,  394.     Fig.   220,  221, 

506 
Umbellales,  394 
Umbelliferae,  394.      Fig.  221,  318,  so^* 

513 
Umbellule,  120.     Fig.  221 
Underground  steins,  75.     Fig.  108,  115- 

122 

Unger,  5,  6,  419 

Unguiculate,  131.     Fig.  250-255 
Unguis,  131.    Fig.  250-252 
Unicellular  plants,   55,   248,  261.    Fig. 
,59,  8t,  380,  381,  383,  384 
Unilocular,    140,   144.      Fig.   296,   298, 

2^,  325  I.,  326 
Umsexual,  112.     Fig.  201,  202 
Unsymmetrical,  107,  124,  223.     Fig.  156 
Urceolate,  125,  129.     Fig.   229  11.,  241, 

256 
Uredinese,  273,  281 
Uredospore,  273 
Urn.    See  Theca 
Urticaceae,  374,     Fig.  88,  260 
Urticales,  374 

Ustilagineae,  281.     Fig.  406,  407 
Utricle,  347 
Utriculariaceae,  382:     Fig.  356 

YACCINIAC::EiE.  388.     Fig.  241 
*      Vacuole,  9 
Vaginula,  304 

Valerianacea;,  391.     Fig.  264 
Vallisneria,  185 
Valvate  aestivation,  84,  403,  409.    Fig. 

124-126 
Variety,  237 
Varietv-hybrid,  195 
Vascular   bundle.       See   Fibrovascular 

bundle 

Vascular  bundle-sheath,   309,  369.    Fig. 

438,444,452,477 
Vascular  cell,  47.     Fig.  478 
Vascular  Cryptogams,  67,  245,  308,  420 
Vascular  plants,  67 
Vaucheria,  Fig.  384 
'Vegetable  ivory,'  158,  354 
veeeuble  Palaeontology.       See  Palxo- 

phytology 
Vegetable  pathology,  2x6 

Vegetative  cone.    5-«  Cone  of  growth 
Vem,  105 

*  Velum  partiale,'  294.     Fig.  392,  39  j 
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VEL 

'  Velum  universale,'  264.    Fig.  393 
Venation,  105.    Fig.   it2,  163,  178,  181, 

191    . 
Ventral  suture,  142 

*  Venus's  fly-trap.'    See  Dionaea 

Verbenaceae,  384.  ^  Fig.  222,  271 

Vernation,  85.     Fig.  132-137 

Versatile,  140.     Fig.  270 

Verticillaster,  123,  382.    Fig.  4S9 

Verticillate,  76,  87.     Fig.  139,  211,  418,. 

443  1*1  504 
Vesicular  vessel.     See  Utricular  vessel 

Vessel,  47,  364.     Fig.  69,  75-77,  93,  94, 

474-477 
Vexillary  aestivation,  8^.     Fig.  128 

Vexillum,  132,  400.     Fig.  253 

Vibratile  cihae,  200,  262.     Fig.  371,  385, 

420  II.,  427  v.,  442 

Vibrio,  259,     Fig.  391  11. 

Vine-mildew.     See  Oidium 

Violaceae,  414 

Vittae,  398.     Fig.  509 

Viviparous,  83,  222 

Volatile  oils,  384,  391,  398 

Voltzia,  426.     Fig.  543 

Volvocineae,  256 


w 


ADIS,  443 
Wax,  54 


*Weepinp^,'48 
Welwitschia,  338,  444 


ZYG 

West  Indian  region,  450 

White  smut,  231 

Whorl,  117.      Fig.  139,  211,  418,  443  »• 


Ki 


Whorled.     See  Verticillate 

Willow-gall,  233 

Winged,  90,  155.     Fig.  151, 152,  304*  3^9 

Wings.     See  Alae 

Wood,  371 

Wood -cell,  364 

Wood-fibre,  364.     Fig.  93,  474*476,  47^ 

*  Worm-moss,'  255 

Wormwood,  391 


VYLEM,  66,  324,  341,  357.  364.    Fig. 
•^*'    93,  452.  472  B,  475 

YEAST-FUNGI,  262,  269,  277.    Fig. 
^     402 


7AMITES,  426.     Fig.  545 
^     Zingiberaceae,  348 
Zooglcea,  260.     Fig.  391  i v. 
Zoosporangium,  268.     Fig.  401 
Zoospore.    See  Swarmspore 
Zygophyllaceae,  407 

Zygospore,  178,  256,  272,  280.     Fig.  54, 
404 


Aecidiomycetes,  vii 

Carpospore,  vii 

Carposporeae,  vii 

Chroococcaceae,  vi 

Coleochaeteae,  vii 

Cone  of  growth,  40 

Coremium,  281 

Cyanophyceae,  vi 

Dichotumi,  viii 

Discomycetes,  vii,  283 

Dry  rot,  282 

Ebracteate  (without  bracts) 

Erysipheae,  vii 

Exobasidium,  vii 

Exstipulate  (withuut  stipules) 

Filicineae,  vii 

Frondose  Hepaiicae.    See  Thalloid  He- 

paticae 
Growing  point,  4^0,  295.     Fig.  60 
Gymnoascus,  vii 
Ligulata,  viii  , 
Mesocarpeae,  vi 


OosporesB,  vii 

Phylloglosseae,  viii 

Piptocephalidae,  vii . 

Proteid.    See  Albuminoid 

Protpphyta,  vi 

Psiloteae,  viii 

Rivularieae,  vi 

Saprogenous  (causing  putrefaction  or 
lermentationj),  259.  275 

Scytonemeae,  \\ 

Sieve-plate.     See  Sieve-disc 

Sieve-pores  (the  perforations  of  the  sieve- 
discs).  Fig.  72-74. 

Sphaeroplea,  vii 

Stipulatae^  viii 

Suberisation,  22 

Tigellum  (the  hypocotyledonary  portion 
of  the  stem) 

Utricular  vessel,  50,  341.    Fig.  75 

Zygnemeae,  vi.  ^  Fig.  54 

Zygomycetes,  vii.     Fig.  404 

Zygosporeae,  vi 
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